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TITLE OF THE INVENTION 

BBTA-AMINO HETEROCYCLIC DlPEPTIDYL PEPTIDASE INHIBITORS FOR Tlfti 
TREATMENT OR PREVENTION OF DIABETES 

BACKGROUND OF THE INVENTION 

Diabetes refers to a disease process derived from multiple causative factors and 
characterized by elevated levels of plasma glucose or hyperglycemia in the fasting state or after 
administration of glucose during an oral glucose tolerance test. Persistent or uncontrolled 
hyperglycemia is associated with increased and premature morbidity and mortality. Often 
abnormal glucose homeostasis is associated both directly and indirectly with alterations of the 
lipid, lipoprotein and apolipoprotein metabolism and other metabolic and hemodynamic disease. 
Therefore patients with Type 2 diabetes mellitus are at especially increased risk of macrovascular 
?*nd microvascular complications, including coronary heart disease, stroke, peripheral vascular 
disease, hypertension, nephropathy, neuropathy, and retinopathy. Therefore, therapeutica i 
control of glucose homeostasis, lipid metabolism and hypertension are critically important in the 
clinical management and treatment of diabetes mellitus. 

There are two generally recognized forms of diabetes. In type 1 diabetes, or 
insulin-dependent diabetes mellitus (IDDM), patients produce little or no insulin, the hormone 
•which regulates glucose utilization. In type 2 diabetes, or noninsulin dependent diabetes mellitus 
tNIDDM), patients often have plasma insulin levels that are the same or even elevated compared 
to nondiabetic subjects; however, these patients have developed a resistance to the insulin 
stimulating effect on glucose and lipid metabolism in the main insulin-sensitive tissues, which 
are muscle, liver and adipose tissues, and the plasma insulin levels, while elevated, are 
insufficient to overcome the pronounced insulin resistance. 

Insulin resistance is not primarily due to a diminished number of insulin receptor's 
but to a post-insulin receptor binding defect that is not yet understood. This resistance tc insulin 
responsiveness results in insufficient insulin activation of glucose uptake, oxidation and storage 
m muscle and inadequate insulin repression of lipolysis in adipose tissue and of glucose 
production and secretion in the liver. 

The available treatments for type 2 diabetes, which have not changed substantially 
in many years, have recognized limitations. While physical exercise and reductions in dietary 
intake of calories will dramatically improve the diabetic condition, compliance with this 
vveatment is very poor because of well-entrenched sedentary lifestyles and excess food 
resumption, especially of foods containing high- amounts of saturated fat. Increasing the plasma 
level of insulin by administration of sulfonylureas (e.g. tolbutamide and glipizide) or meglitinide, 
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which stimulate the pancreatic P-cells to secrete more insulin, and/or by injection of insulin 
when sulfonylureas or meglitinide become ineffective, can result in insulin concentrations high 
enough to stimulate the very insulin-resistant tissues. However, dangerously low levels of 
plasma glucose can result from administration of insulin or insulin secretagogues (sulfonylureas 
or meglitinide), and an increased level of insulin resistance due to the even higher plasma insulin 
levels can occur. The biguanides increase insulin sensitivity resulting in some correction of 
hyperglycemia. However, the two biguanides, phenforrnin and metformin, can induce lactic 
acidosis and nausea/diarrhea. Metformin has fewer side effects than phenforrnin and is often 
prescribed for the treatment of Type 2 diabetes. 

The glitazones (i.e. 5-benzylthiazolidine-2,4-diones) are a more recently described 
class of compounds with potential for ameliorating many symptoms of type 2 diabetes. These 
agents substantially increase insulin sensitivity in muscle, liver and adipose tissue in several 
animal models of type 2 diabetes resulting in partial or complete correction of the elevated 
plasma levels of glucose without occurrence of hypoglycemia. The glitazones that are currently 
marketed are agonists of the peroxisome proliferator activated receptor (PPAR), primarily the 
PPAR-gamma subtype. PPAR-gamma agonism is generally believed to be responsible for the 
improved insulin sensitization that is observed with the glitazones. Newer PPAR agonists that 
are being tested for treatment of Type II diabetes are agonists of the alpha, gamma or delta 
subtype, or a combination of these, and in many cases are chemically different from the 
glitazones (i.e., they are not thiazolidinediones). Serious side effects (e.g. liver toxicity) have 
occurred with some of the glitazones, such as troglitazone. 

Additional methods of treating the disease are still under investigation. New 
biochemical approaches that have been recently introduced or are still under development 
include treatment with alpha-glucosidase inhibitors (e.g. acarbose) and protein tyrosine 
phosphatase- IB (PTP-1B) inhibitors. 

Compounds that are inhibitors of the dipeptidyl peptidase-IV ("DP-IV" or "DPP- 
IV") enzyme are also under investigation as drugs that may be useful in the treatment of diabetes, 
and particularly type 2 diabetes. See for example WO 97/40832, WO 98/19998, U.S. Patent No. 
5,939,560, Bioorg. Med. Chem. Lett ., 6: 1163-1166 (1996); and Bioorg. Med. Chem. Lett., 6: 
2745-2748 (1996). The usefulness of DP-IV inhibitors in the treatment of type 2 diabetes is 
based on the fact that DP-IV in vivo readily inactivates glucagon like peptide-1 (GLP-1) and 
gastric inhibitory peptide (GIP). GLP-1 and GIP are incretiiis and are produced when food is 
consumed. The incretins stimulate production of insulin. Inhibition of DP-IV leads to decreased 
inactivation of the incretins, and this in turn results in increased, effectiveness of the incretins in 
stimulating production of insulin by the pancreas. DP-IV inhibition therefore results in an 
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increased level of serum insulin. Advantageously, since the incretins are produced by the body 
■ ;nly when food is consumed, DP -IV inhibition is not expected to incicase the level of insulin at 
inappropriate times, such as between meals, which can lead to excessively low blood sugar 
(hypoglycemia). Inhibition of DP-IV is therefore expected to increase insulin without increasing 
the risk of hypoglycemia, which is a dangerous side effect associated with the use of insulin 
secretagogues. 

DP-IV inhibitors also have othej therapeutic utilities, as discussed herein. DP-IV 
inhibitors have not been studied extensively to date, especially for utilities other than diabetes. 
New compounds are needed so that improved DP-IV inhibitors can be found for the treatment of 
diabetes and potentially other diseases and conditions. The therapeutic potential of DP-IV 
inliibitors for the treatment of type 2 diabetes is discussed by D J. Drucker in Exp. Opin. Invest. 
Drugs, 12: 87-100 (2003) and by K. Augustyns, et al., in Exp. Opin. Ther. Patents , 13: 499-510 
(2003). 

SUMMARY OF THE INVENTION 

The present invention is directed to compounds which are inhibitors of the 
dipeptidyl peptidase-IV enzyme ("DP-IV inhibitors") and which are useful in the treatment or 
prevention of diseases in which the dipeptidyl peptidase-IV enzyme is involved, such as diabetes 
and particularly type 2 diabetes. The invention is also directed to pharmaceutical compositions 
comprising these compounds and the use of these compounds and compositions in the prevention 
or treated of such diseases in which the dipeptidyl peptidase- IV enzyme is involved 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to heterocyclic compounds useful as inhibitors of 
dipeptidyl peptidase-IV. Compounds of the present invention are described by structural formula 
L 




or a pharmaceutical^ acceptable salt thereof; wherein 

each n is independently 0, 1, or 2; 

XisNorCR2; 

At is phenyl substituted with one to five R3 substituents; 

Rl and R 2 are each independently selected from the group consisting of 
hydrogen, 
halogen, 
cyano, 

Ci-10 alkyl, wherein alkyl is unsubstituted or substituted with one to five 
halogens, 

Cl-10 alkoxy, wherein alkoxy is unsubstituteior substituted with one to five substituents 

independently selected from halogen or hydroxy, 
Cl-10 alkylthio, wherein alkylthio is unsubstituted or substituted with one to five 

substituents independently selected from halogen or hydroxy, 
C2-10 alkenyl, wherein alkenyl is unsubstituted or substituted with one to five 

substituents independently selected from halogen or hydroxy, 
(CH2) n COOH, 
(CH2)nCOOCi.6 alkyl, 

(CH2)nCONR4R5, wherein R 4 and R5 are independently selected from the group 
consisting of hydrogen, tetrazolyl, thiazolyl, (CH2)n-phenyl, (CH2)n-C3-6 
cycloalkyl, and Ci-6 alkyl, wherein alkyl is unsubstituted or substituted with one 
to five halogens and wherein phenyl and cycloalkyl are unsubstituted or 
substituted with one to five substituents independently selected from halogen, 
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hydroxy, C'l-6 alkyl, and Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted 
or substituted with one to five halogens; 

or R 4 * and R5 together with the nitrogen atom to which they are attached form a 
heterocyclic ring selected from azetidine, pyrrolidine, piperidine, piperazine, and 
morpholine wherein said heterocyclic rijig is unsubstituted or substituted with one 
to five substituents independendy selected from halogen, hydroxy, C]_6 alkyl, and 
Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one 

to five halogens; 
(CH 2 )n-NR4R5, 
(CH2)n-OCONR4R5, 

(CH2) n -S02NR4R5, 
(CH 2 )n-S0 2 R6, 

(CH2) n -NR 7 S02R 6 , 
(CH2) n -NR7CONR4R5, 

(CH 2 )n-NR7C0R7, 

(CH2)n-NR7C0 2 R6, 

(CH2)n-COR6, 

(CH2){raryl, wherein aryt is unsubstituted or substituted with one to five substituents 

independently selected from halogen, CN, hydroxy, NR7S0 2 R 6 , SO2R 6 , CO2H, 
C1..6 alkyloxycarbonyl, Ci-6 alkyl and Ci^g alkoxy, wherein alkyl and alkoxy are 
unsubstituted or substituted with one to five substituents independently selected 
from halogen, C02H, and Ci_6 alkyloxycarbonyl, 

(CH2)n :heteroaryl, wherein heteroaryl is unsubstituted or substituted with one to three 
substituents independently selected from hydroxy, halogen, Ci_6 alkyl, and Ci_6 
alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one to five 
halogens, 

(CH2)rrheterocyclyl, wherein heterocyclyl is unsubstituted or substituted with one to 

three substituents independently selected from oxo, hydroxy, halogen, Ci_6 alkyl, 
and Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with 
one to five halogens, 

(CH2)n~C3-6 cycloalkyl, wherein cycloalkyl is unsubstituted or substituted with one to 
three substituents independently selected from halogen, hydroxy, Ci-6 alkyl, and 
Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one 
to five halogens; and 



WO 2004/032836 



PCT/US2003/031287 



wherein any methylene (CH2) carbon atom in Rl or R2 is unsubstituted or substituted 
with one to two groups independently selected from halogen, hydroxy, and Ci-4 alkyl 
unsubstituted or substituted with one to five halogens; 

each R3 is independently selected from the group consisting of 
hydrogen, 
halogen, 
cyano, 
hydroxy, 

Ci-6 alkyl, unsubstituted or substituted with one to five halogens, and 
Ci-6 alkoxy, unsubstituted or substituted with one to five halogens; 

R6 is independently selected from the group consisting of tetrazblyl, thiazolyl, (CH2)n-phenyl, 
(CH2)n-C3-6 cycloalkyl, and Ci-6 alkyl, wherein alkyl is unsubstituted or substituted with one 

to five halogens and wherein phenyl and cycloalkyl are unsubstituted or substituted with one to 
five substituents independently selected from halogen, hydroxy, Ci-6 alkyl, and Ci_6 alkoxy, 

wherein alkyl and alkoxy are unsubstituted or substituted with one to five halogens, and wherein 
any methylene (CH2) carbon atom in R6 is unsubstituted or substituted with one to two groups 
independently selected from halogen, hydroxy, Ci-4 alkyl, and Ci_4 alkoxy, wherein alkyl and 
alkoxy are unsubstituted or substituted with one to five halogens; 

each R7 is hydrogen or R6; 

R8, R9, r10 > Rll, Rl2 } and Rl3 are each independently selected from the group consisting of: 
hydrogen, 
cyano, 

(CH2) n COOH, 

(CH2)nCOOCi_g alkyl, wherein alkyl is unsubstituted or substituted with one to three 

substituents independently selected from halogen and phenyl, 
Ci-io alkyl, unsubstituted or substituted with one to five substituents independently 
selected from halogen, hydroxy, Ci-6 alkoxy, carboxy, 

Ci-6 alkyloxycarbonyl, and phenyl-Ci-3 alkoxy, wherein alkoxy is unsubstituted 
or substituted with one to five halogens, 
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(CBkVaryl, wherein aryl is unsubstituted or substituted with one to five substituents 
independently selected from halogen, hydroxy, Ci^6 allcyi, and Ci-6 alkoxy, t 
wherein alkyl and alkoxy are unsubstituted or substituted with one to five 
halogens, 

(CH2)n : heteroaryl, wherein heteroaryl is unsubstituted or substituted with one to three 
substituents independently selected from hydroxy, halogen, Ci_6 alkyl, and Ci-6 
alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one to five 
halogens, 

(CH2)n-heterocyclyl, wherein heterocyclyl is unsubstituted or substituted with one to 

three substituents independently selected from oxo, hydroxy, halogen, Q-6 alkyl, 
and alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with 
one to five halogens, 

(CH2)n-C3-6 cycloalkyl, wherein cycloalkyl is unsubstituted or substituted with one to 
three substituents independently selected from halogen, hydroxy, Ci_6 alkyl, and 
Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one 
to five halogens, 

(CH2)nCONR 4 R 5 , wherein R 4 and R5 are independently selected from the group 
consisting of hydrogen, tetrazolyl, thiazolyl, (CH2) n -phenyl, (CH2)n~C3-6 
cycloalkyl, and Ci_6 alkyl, wherein alkyl is unsubstituted or substituted with one 
to five halogens and wherein phenyl and cycloalkyl are unsubstituted or 
substituted with one to five substituents independently selected from halogen, 
hydroxy, Ci-6 alkyl, and Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted 
or substituted with one to five halogens; _ . 

or wherein R 4 and R 5 together with the nitrogen atom to which they are attached 
form a heterocyclic ring selected from azetidine, pyrrolidine, piperidihe, 
piperazine and morpholine wherein said heterocyclic ring is unsubstituted or 
substituted with one to five substituents independently selected from halogen, 
hydroxy, Ci-6 alkyl, and Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted 

or substituted with one to five halogens; and 
wherein any methylene (CH2) carbon atom in R8, R9 } r10 ? r1 1, r12 0 r Rl3 is 

unsubstituted or substituted with one to two groups independently selected from halogen, 
hydroxy, and Q-4 alkyl unsubstituted or substituted with one to five halogens. 

In one embodiment of the compounds of the present invention, the carbon atom 
marked with an * has the R configuration as depictedin formulala 
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NH 2 O R 8 Dl1 . 

R12 f^ R 13 

(la) R R 10 R 

wherein Ar, X, Rl, R 8 , r9 r10 > R ll t R 12 ( tad R 13 ^ as defined herein. 

In a second embodiment of the compounds of the present invention, X is N as 
depicted in formula lb: 



NH 2 O R 8 



wherein Ar, R 1 , R 8 , R^ RlO, rII, Rl2 and R 13 are as defined herein.. 

In a class of this second embodiment, the carbon atom marked with an * has the R 
configuration as depicted in formula Ic: 



NH 2 O R 8 „ 

r12 7^ D 13 



(lc) R V R1 

wherein Ar, R 1 , R 8 , R9 RlO, rII, r12 s ^ R 13 are as defined herein: 

In another class of this second embodiment of the compounds of the present 
invention, R9, rIO Rll, r!2, and R* 3 are hydrogen as depicted in formula Id: 

NH 2 O R 8 



(Id) 

wherein Ar, R*, and are as defined herein. 
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Li a tf urd embodiment of ihe compounds of the present invention, X is CR2 as 
depicted in formula Ie: 

NH 2 0 R 8 R11R 2 




R 12 r^ n i3 

(le) R R 10 R 

wherein Ar, Rl, r2 r8, r9, r10 j rII, r12 and r13 ^ as defined herein. 

In a class of this third embodiment, the carbon atom marked with an * has the R 
configuration as depicted in formula If: 

¥ H 2 ? f? 8 Q nR 2 

R^-K^N 
r12 r^ n i3 

(If) R 10 

wherein Ar, R 1 , R2, r8, r9, rIO, rU r12 > ^d r13 are as defined herein. 

In another class of this third embodiment of the compounds of the present 
invention, R9, rIO, Rll > r12 > ^ r13 ^ hydrogen as depicted in formula Ig: 

NH 2 O R 8 

»-R 1 
('9) 

wherein Ar, R*, R2, and R 8 are as defined herein. 

In a fourth embodiment of the compounds of the present invention, 
R3 is selected from the group consisting of hydrogen, fluoro, chloro, bromo, trifluoromethyl, and 
methyl. In a class of this embodiment, R3 is selected from the group consisting of hydrogen, 
fluoro, and chloro. In a subclass of this class, R3 is hydrogen or fluoro. 

In a fifth embodiment of the compounds of the present invention, Rl is selected 
irom the group consisting of: 
hydrogen, 

Ci-6 alkyl, wherein alkyl is unsubstituted or substituted with one to five fluorines, 
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(CH2)n-phenyl wherein phenyl is unsubstituted or substituted with one to five 

substituents independently selected from hydroxy, halogen, Ci_6 alkyl, Ci-6 
alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one to five 
halogens, 

C3-6 cycloalkyl, unsubstituted or substituted with one to five substituents independently 
selected from halogen, hydroxy, Ci-6 alkyl and Ci-6 alkoxy, wherein alkyl and 

alkoxy are unsubstituted or substituted with one to five halogens; and 
wherein any methylene (CH2) carbon atom in Rl is unsubstituted or substituted with one 
to two groups independently selected from halogen, hydroxy, and Ci-4 alkyl 
unsubstituted or substituted with one to five halogens. . 

In a class of this embodiment of the compounds of the present invention, Rl is 
selected from the group consisting of 
hydrogen, 
methyl, 
ethyl, 

difluoromethyl, 
trifluoromethyl, 
CH2CF3, 
CF2CF3, 

phenyl, and 
cyclopropyl. 

In a subclass of this class, R 1 is selected from the group consisting of hydrogen, 
difluoromethyl, trifluoromethyl, phenyl, and cyclopropyl. 

In a sixth embodiment of the compounds of the present invention, R^ is selected 
f rom the group consisting of 
hydrogen, 

Ci-6 alkyl, unsubstituted or substituted with one to five fluorines, 

phenyl, unsubstituted or substituted with one to three substituents independently selected 
from fluoro, chloro, trifluoromethyl, methoxy, and OCF3, and 

C3-6 cycloalkyl, unsubstituted or substituted with one to five substituents independently 

selected from halogen, hydroxy, Ci-6 alkyl, and 
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Ci-6 alkoxy, wherein alkyi arid alkoxy are unsubstituted or substituted with one 
to five halogens. 

In a class of this embodiment of the compounds of the present invention, R 2 is 
selected from the group consisting of hydrogen, trifluoromethyl, phenyl, and cyclopropyl. In a 
subclass of this class, R 2 is hydrogen or trifluoromethyl. 

and Rl3 are each hydrogen and R8, R9 ? and RlO are each independently selected from the group 
consisting of: 

hydrogen, 

Ci-6 alkyl, unsubstituted or substituted with one to five substituents independently 

selected from halogen, hydroxy, Ci-6 alkoxy, and phenyl-Ci-3 alkoxy, v/herein 

alkoxy is unsubstituted or substituted with one to five halogens, 
(CH2) n COOH, 

(CH2)nCOOCi_6 alkyl. wherein alkyl is unsubstituted or substituted with one to three 

substituents independently selected from halogen arid phenyl, 
(CH?.)nCONR4R5 ) wherein R 4 and R5 are independently selected from the group 
consisting of hydrogen, tetrazolyl, thiazolyl, (CH2)n-pbenyl, (CH2)h-C3-6 
cycloalkyl, and Ci_6 alkyl, wherein alkylis unsubstituted or substituted with one 
to five halogens and wherein phenyl and cycloalkyl are unsubstituted or 
substituted with one to five substituents independently selected from halogen, 
hydroxy, Ci-6 alkyl, and Ci-6 alkoxy, wherein alkyl and alkoxy aire unsubstituted 

or substituted with one to five halogens; 

or wherein R 4 and R5 together with the nitrogen atom to which they are attached 
form a heterocyclic ring selected from azetidine, pyrrolidine, piperidine, 
piperazine and morpholine wherein said heterocyclic ring is unsubstituted or 
substituted with one to five substituents independently selected from halogen, 
hydroxy, Ci-6 alkyl, and Ci_6 alkoxy, wherein alky] and alkoxy are unsubstituted 

or substituted with one to five halogens, 
(CH2)n-phenyl, wherein phenyl is unsubstituted or substituted with one to five 

substituents independently selected from halogen, hydroxy, Ci_6 alky], and Ci-6 
alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one to five 
halogens,. ■ 



-11- 



WO 2004/032836 



PCIYUS2003/031287 



(CH2)n-heteroaryl, wherein heteroaryl is unsubstituted or substituted with one to three 
substituents independently selected from hydroxy, halogen, Ci-6 alkyl, and Ci-6 
alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one to five 
halogens, 

(CH2)n-heterocyclyl, wherein heterocyclyl is unsubstituted or substituted with one to 

three substituents independently selected from oxo, hydroxy, halogen, Ci-6 alkyl, 
and Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with 
one to five halogens, 

(CH2)n-C3-6 cycloalkyl, wherein cycloalkyl is unsubstituted or substituted with one to 
three substituents independently selected from halogen, hydroxy, Ci-6 alkyl, and 
Ci-6 alkoxy, wherein alkyl and alkoxy are optionally substituted with one to five 
halogens; and 

wherein any methylene (CH2) carbon atom in R8, R9 or RlO is unsubstituted or 

substituted with one to two groups independently selected from halogen, hydroxy, and 
C1-4 alkyl unsubstituted or substituted with one to five halogens. 

In a class of this embodiment of the compounds of the present invention, R8, R9 5 
aid RlO are each independently selected from the group consisting of: 
hydrogen, 

Ci-3 alkyl, unsubstituted or substituted with one to three substituents independently 

selected from halogen, hydroxy, Ci-6 alkoxy, and phenyl-Ci-3 alkoxy, wherein 

alkoxy is unsubstituted or substituted with one tafiv^Halogens, 
(CH2) n COOH, t 

(CH2)nCOOCi_6 alkyl, wherein alkyl is unsubstituted or phenyl, 
(CH2)nCONR4R5, wherein R 4 and R5 are independently selected from the group 

consisting of hydrogen and Ci-6 alkyl, wherein alkyl is unsubstituted or 

substituted with one to five halogens; 

or wherein R 4 and R5 together with the nitrogen atom to which they are attached 
form a heterocyclic ring selected from azetidine, pyrrolidine, piperidine, 
piperazine and morpholine wherein said heterocyclic ring is unsubstituted or 
substituted with one to five substituents independently selected from halogen, 
hydroxy, Ci-6 alkyl, and Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted 

or substituted with one to five halogens, .." 
(CH2)n-phenyl 5 wherein phenyl is unsubstituted or substituted with one to five 

substituents independently selected from halogen, hydroxy, Ci-6 alkyl, and Ci-6 
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alkoxy, wherein alky! and alkoxy are urisubstituted 01 substituted v/itli one to S^e 
halogens, 

:CH2) n -heteroaryl, wherein heteroaryl is unsubstituted or substituted with one to three 
substituents independently selected from hydroxy, halogen, Ci-6 alkyl, and Cj-6 
alkoxy, wherein alkyl and alkoxy are optionally substituted with one to five 
halogens, 

(CH2)nrheterocyclyl, wherein heterocyclyl is unsubstituted or substituted with one to 

three substituents independently selected from oxo, hydroxy, halogen, Ci-6 alkyl, 
and Ci-6 alkoxy, wherein alkyl and alkoxy. are optionally substituted with one to 

five halogens, 
;'CT;i2)n-C3-6 cyclopropyl; and 

wherein any methylene (CH2) carbon atom in R^, r9 or RlO i$ unsubstituted 01 

substituted with one to two groups independently selected from halogen, hydroxy, and 
C1.4 alkyl unsubstituted or substituted with one to five halogens. 

& a subclass of this class, R8, R9, and RlO are each independently selected from 
the group consisting of; 
hydrogen, 

CI12CH3. 
CK2-cyclop:opyl, 

OHF-cyclopropyl, 

CH(OH)-cyclopropyl, , 

CH20CH2Ph, 

CH2(4-F-Ph), 

CH2(4-CF3-Ph), 

•'^-[U^triazoM-yl, 

1 H2-(imidazoM-yl), 

CH2<pyrazol-l-yl), 

CH2-COOCH2Ph, 

CH2-COOH, 

CH2-CONMe2, and 

CH2OCH3. 

In a further subclass of this class-. RV and are each independently hydrogen or 

. methyl. 
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As used herein the following definitions are applicable. 

"Alkyl", as well as other groups having the prefix "alk", sucti as alkoxy and 
aikanoyl, means carbon chains which may be linear or branched, and combinations thereof, 
unless the carbon chain is defined otherwise. Examples of alkyl groups include methyl, ethyl, 
propyl, isopropyl, butyl, sec- and tert-butyl, pentyl, hexyl, heptyl, octyl, nonyl, and the like. 
Where the specified number of carbon atoms permits, e.g., from C3-10, the term alkyl also 

includes cycloalkyl groups, and combinations of linear or branched alkyl chains combined with 
cycloalkyl structures. When no number of carbon atoms is specified, Ci-6 is intended. 

"Cycloalkyl" is a subset of alkyl and means a saturated carbocyclic ring having a 
specified number of carbon atoms. Examples of cycloalkyl include cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, and the like. A cycloalkyl group generally is 
monocyclic unless stated otherwise. Cycloalkyl groups are saturated unless otherwise defined. 

The term "alkoxy" refers to straight or branched chain alkoxides of the number of 
carbon atoms specified (e.g., Ci-6 alkoxy), or any number within this range [i.e., methoxy 

(MeO-), ethoxy, isopropoxy, etc.] . 

The term "alkylthio" refers to straight or branched chain alkylsulfides of the 
number of carbon atoms specified (e.g., Ci-6 alkylthio), or any number within this range [i.e., 

methylthio (MeS-), ethylthio, isopropylthio, etc.]. 

The term "alkylamino" refers to straight or branched alkylamines of the number 
of carbon atoms specified (e.g., Ci-6 alkylamino), or any number within this range [i.e., 

methylamino, ethylamino, isopropylamino, t-butylamino, etc.]. 

The term "alkylsulfonyl" refers to straight or branched chain alkylsulfones of the 
number of carbon atoms specified (e.g., C]_6 alkylsulfonyl), or any number within this range 
[i.e., methylsulfonyl (MeS02-), ethylsulfonyl, isopropylsulfonyl, etc.]. 

The term "alkyloxycarbonyl" refers to straight or branched chain esters of a 
carboxylic acid derivative of the present invention of the number of carbon atoms specified (e.g., 
Ci-6 alkyloxycarbonyl), or any number within this range [i.e., methyloxycarbonyl (MeOCO-), 

ethyloxycarbonyl, or butyloxycarbonyl] . 

"Aryl" means a mono- or polycyclic aromatic ring system containing carbon ring* 
atoms. The preferred aryls are monocyclic or bicyclic 6-10 membered aromatic ring systems. 
Phenyl and naphthyl are preferred aryls. The most preferred aryl is phenyl. 

"Heterocycle" and "heterocyclyl" refer to saturated or unsaturated non-aromatic 
rings or ring systems containing at least one heteroatom selected from O, S and N, further 
including the oxidized forms of sulfur, namely SO and SO2. Examples of heterocycles include 
tetrahydrofuran (THF), dihydrofuran, 1,4-dioxane, morpholirie, l,4^dithiane,piperazine, 
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bitaf tfate" borate., bromide, carus vlatfc, 'aibonate, chloride, claviilanate, citrate, dihydrochloride, 
vdetate, edisyiate.-, cstolate, esyiatc, iumarate, gluceptate, gluconate, glutamate, 
glycollylarsanilate, hexylresorcinate, hydrabamine, hydrobromide, hydrochloride, 
hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, laurate, malate, maleate, mandelate, 
mesylate, methylbromide, methylnitrate, methylsulfate, mucate, napsylate, nitrate, N- 
iaethylglucamine ammonium salt, oleate, oxalate, pamoate (embonate), palmitate, pantothenate, 
; Jhosphate/diphosphate, polygalacturonate, salicylate, stearate, sulfate, subacetate, succinate, 
tannate, tartrate, teoclate, tosylate, triethiodide and valerate. Furthermore, where the compounds 
of the invention carry an acidic rnoiety, suitable pharmaceutically acceptable salts thereof 
include, but are not limited to, salts derived from inorganic bases including aluminum, 
ammonium, calcium, copper, ferric, ferrous, lithium, magnesium, manganic, mangamous, 
potassium, sodium, zinc, and the like. Particularly preferred are the ammonium, calcium, 
magnesium, potassium, and sodium salts. Salts derived from pharmaceutically acceptable 
organic non-toxic bases include salts of primary, secondary, and tertiary amines, cyclic amines, 
and basic ion-exchange resins, such as arginine, betaine, caffeine, choline, N,N- 
dibenzylethylcnediarame, diethylamine, 2-diethylaminoethanol, 2-dimethylamihoethanol, 
ethanolamine, ethylenediaminc, N-ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, 
iiislidine, hydrabamine, isopropylamine, lysine, methylglucamirie, morpholine, piperazine, 
^.peridine, polyamine resins, procaine, purines, theobromine, triethylamine, trimethylamine, 
iripropylamine, tromethamine, and the like. 

Also, in the case of a carboxylic acid (-COOH) or alcohol group being present in 
the compounds of the present invention, pharmaceutically acceptable esters of carboxylic acid 
derivatives, such as methyl, ethyl, or pivaloyloxymethyl, or acyl derivatives of alcohols, such as 
. rotate or maleate, can be employed Included are those esters and acyl groups known in the art 
lor modifying the solubility or hydrolysis characteristics for use as sustained-release or prodrug 
formulations. 

Solvates, and in particular, the hydrates of the compounds of structural formula I 
are included in the present invention as well. 

Exemplifying the invention is the use of the compounds disclosed in the 
Examples and herein. 

The subject compounds are useful in a method of inhibiting the dipeptidyl 
peptidase-IV enzyme in a patient such as a mammal in need of such inhibition comprising the 
administration of an effective amount of the compound. The present invention is directed to the 
»xse of the compounds disclosed herein as inhibitors ofdipeptidy! paplidase-.IV enzyme activity. 
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In addition to primates, such as humans, a variety of other mammals can be 
treated according to the method of the present invention. For instance, mammals including, but 
not limited to, cows, sheep, goats, horses, dogs, cats, guinea pigs, rats or other bovine, ovine, 
equine, canine, feline, rodent or murine species can be treated. However, the method can also be 
practiced in other species, such as avian species (e.g., chickens). 

The present invention is further directed to a method for the manufacture of a 
medicament for inhibiting dipeptidyl peptidase-IV enzyme activity in humans and animals 
comprising combining a compound of the present invention with a pharmaceutically acceptable 
carrier or diluent. 

The subject treated in the present methods is generally a mammal, preferably a 
human being, male or female, in whom inhibition of dipeptidyl peptidase-IV enzyme activity is 
desired. The term "therapeutically effective amount" means the amount of the subject compound 
that will elicit the biological or medical response of a tissue, system, animal or human that is 
being sought by the researcher, veterinarian, medical doctor or other clinician. * 

The term "composition" as used herein is intended to encompass a product 
comprising the specified ingredients in the specified amounts, as well as any product which 
results, directly or indirectly, from combination of the specified ingredients in the specified 
amounts. Such term in relation to pharmaceutical composition, is intended to encompass a 
product comprising the active ingredient(s), and the inert ingredient(s) that make up the carrier, 
as well as any product which results, directly or indirectly, from combination, complexation or 
aggregation of any two or more of the ingredients, or from dissociation of one or more of the 
ingredients, or from other types of reactions or interactions of one or more of the ingredients. 
Accordingly, the pharmaceutical compositions of the present invention encompass any 
composition made by admixing a compound of the present invention and a pharmaceutically 
acceptable carrier. By "pharmaceutically acceptable" it is meant the carrier, diluent or excipierit 
must be compatible with the other ingredients of the formulation and not deleterious to the 
recipient thereof. 

The terms "administration of" and or "administering a" compound should be 
understood to mean providing a compound of the invention or a prodrug of a compound of the 
invention to the individual in need of treatment. 

The utility of the compounds in accordance with the present invention as 
inhibitors of dipeptidyl peptidase-IV enzyme activity may be demonstrated by methodology 
known in the art. Inhibition constants are determined as follows. A continuous fluorometric 
assay is employed with the substrate Gly-Pro-AMC, which is cleaved by DP-IV to release the 
fluorescent AMC leaving group. The kinetic parameters that describe this reaction are as 
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vollows'.-K m = 50 \iM; kcat - 75 s" 1 ; WK m = 1.5 X 10 6 MTV 1 ; A typical reaction comains 
approximately 50 pM enzyme, 50 uM Gly-Pro-AMC,:and buffer (lbO mM HEFES, pH 7.5, 0.1 
mg/ml BS A) in a total reaction volume of 100 pi. Liberation of AMC is monitored continuously 
in a 96-well plate fluorometer using an excitation wavelength of 360 nm and an emission 
wavelength of 460 nm. Under these conditions, approximately 0.8 pM AMC is produced in 30 
minutes at 25 degrees C The enzyme used in these studies was soluble (transmembrane domain 
and cytoplasmic extension excluded) human protein produced in a baculovirus expression system 
(Bac-To-Bac, Gibco BRL). The kinetic constants for hydrolysis of Gly-Pro-AMC and GLP-1 
v^ere found to be in accord with literature values forthe native enzynie. To measure the 
ilissociation constants for compounds, solutions of inhibitor in DMSO were added to reactions 
containing enzyme and substrate (final DMSO concentration is 1%). All experiments were 
conducted at room temperature using the standard reaction conditions described above. To 
determine the dissociation constants (Kj), reaction rates were fit by non-linear regression to the 
Michaelis-Menton equation for competitive inhibition. The errors in reproducing the 
dissociation constants are typically less than two-fold. 

In particular, the compounds of the following examples had activity in inhibiting 
the dipeptidyl peptidase-IV enzyme in the aforementioned assays, generally with an IC50 of less 

than about 1 pM. Such a result is indicative of the intrinsic activity of Ihe compounds in use as 
inhibitors the dipeptidyl peptidase-IV enzyme activity. 

Dipeptidyi peptidase-IV enzyme (DP-IV) is a cell surface protein that has been 
implicated in a wide range of biological functions. ; It has a broad tissue distribution (intestine, 
kidney, liver, pancreas, placenta, thymus, spleen, epithelial cells, vascular endothelium, 
lymphoid and myeloid cells, serum), and distinct tissue and cell-type expression levels. DP-IV is 
identical to the T cell activation marker CD26, and it can cleave a number of immunoregulatoiy, 
endocrine, and neurological peptides in vitro. This has suggested a potential role for this 
Peptidase in a variety of disease processes in humans or other specie 

Accordingly, the subject compounds are useful in a method for the prevention or 
! eatment of the following diseases, disorders and conditions. 

Type H. Diabetes and Related Disorders : It is well established that the incretins GLP-1 and GIP 
are rapidly inactivated in vivo by DP-IV. Studies with DP-IV^-deficient mice and preliminary 
( iinical trials indicate that DP-IV inhibition increases the steady state concentrations of GLP-1 
i-cid GD\ resulting in improved glucose tolerance. By analogy to GLP-1 and GIP, it is likely that 
other glucagon family peptides involved in glucose regulation arc siso inactivated by DP TV (eg. 
PACAP). Inactivation of these peptides by DP-IV may also play a role in glucose homeostasis. 
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The DP-IV inhibitors of the present invention therefore have utility in the 
treatment of type n diabetes and in the treatment and prevention of the numerous conditions that 
often accompany Type II diabetes, including Syndrome X (also known as Metabolic Syndrome), 
reactive hypoglycemia, and diabetic dyslipidemia. Obesity, discussed below, is another 
condition that is often found with Type II diabetes that may respond to treatment with the 
compounds of this invention. In Syndrome X, also known as Metabolic Syndrome, obesity is 
thought to promote insulin resistance, diabetes, dyslipidemia, hypertension, and increased 
cardiovascular risk. Therefore, DP-IV inhibitors may also be useful to treat hypertension 
associated with this condition. 

The following diseases, disorders and conditions are related to Type 2 diabetes, 
and therefore may be treated, controlled or in some cases prevented, by treatment with the 
compounds of this invention: (1) hyperglycemia, (2) low glucose tolerance, (3) insulin resistance, 
(4) obesity, (5) lipid disorders, (6) dyslipidemia, (7) hyperlipidemia, (8) hypertriglyceridemia, (9) 
hypercholesterolemia, (10) low HDL levels, (11) high LDL levels, (12) atherosclerosis and its 
sequelae, (13) vascular restenosis, (14) irritable bowel syndrome, (15) inflammatory bower 
disease, including Crohn's disease and ulcerative colitis, (16) other inflammatory conditions, 
(17) pancreatitis, (18) abdominal obesity, (19) neurodegenerative disease, (20) retinopathy, 
(21) nephropathy, (22) neuropathy, (23) Syndrome X, (24) ovarian hyperandrogenism (polycystic 
ovarian syndrome), and other disorders where insulin resistance is a component. 

Obesity : DP-IV inhibitors may be useful for the treatment of obesity" This is based on the 
observed inhibitory effects on food intake and gastric emptying of GLP-1 and GLP-2. 
Exogenous administration of GLP-1 in humans significantly decreases food intake and slows 
gastric emptying (Am. J. Physiol ., 277: R910-R916 (1999)). ICV administration of GLP-1 in 
rats and mice also has profound effects on food intake (Nature Medicine, 2: 1254-1258 (1996)). 
This inhibition of feeding is not observed in GLP-lR ( " /_) mice, indicating that these effects are 
mediated through brain GLP-1 receptors. By analogy to GLP-1, it is likely that GLP-2 is also 
regulated by DP-IV. ICV administration of GLP-2 also inhibits food intake, analogous to the 
effects observed with GLP-1 (Nature Medicine, 6: 802-807 (2000)). In addition, studies with 
DP-IV deficient mice suggest that these animals are resistant to diet-induced obesity and 
associated pathology (e.g. hyperinsulinonemia). 

Growth Hormone Deficiency : DP-IV inhibition may be useful fpr the treatment of growth 
hormone deficiency, based on the hypothesis that grcwth-honnone releasing factor (GRF), a 
peptide that stimulates release of growth hormone from the anterior pituitary, is cleaved by the 
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proteins appears to be tissue and cell type specific. For example- increased CD26/DP-IV 
expression has been observed on T cell lymphoma, T cell acute lymphoblastic leukemia, cell- 
derived thyroid carcinomas, basal cell carcinomas, and breast carcinomas. Thus, DP-IV 
inhibitors may have utility in the treatment of such carcinomas. 

Benign Prostatic Hypertrophy : DP-IV inhibition may be useful for the treatment of benign 
' prostatic hypertrophy because increased DP-IV activity was noted in prostate tissue from patients 
with BPH (Eur. J. Clin. Chem. Clin. Biochem.. 30: 333-338 (1992)). 

Sperm motilitv/male contraception : DP-IV inhibition may be useful for the altering sperm 
motility and for male contraception because in seminal fluid, prostatosomes, prostate derived 
organelles important for sperm motility, possess very high levels of DP-IV activity (Eur. J. Clin. 
Chem. Clin. Biochem .. 30: 333-338 (1992)). 

Gingivitis : DP-IV inhibition may be useful for the treatment of gingivitis because DP-IV activity 
was found in gingival crevicular fluid and in some studies correlated with periodontal disease 
severity (Arch. Oral Biol.. 37: 167-173 (19921V 

Osteoporosis : DP-IV inhibition may be useful for the treatment or prevention of osteoporosis 
because GD? receptors are present in osteoblasts. 

The compounds of the present invention have utility in. treating or preventing one 
or more of the following conditions of diseases: (1) hyperglycemia, (2) low glucose tolerance, 
(3) insulin resistance, (4) obesity, (5) lipid disorders, (6) dyslipid<?mia,.(7) hypeYlipidemia, (8) 
hypertriglyceridemia, (9) hypercholesterolemia, (10) low HDL levels, (11) high LDL levels, 
(12) atherosclerosis and its sequelae, (13) vascular restenosis, (14) irritable bowel syndrome, (15) 
inflammatory bowel disease, including Crohn's disease and ulcerative colitis, (16) other 
inflammatory conditions, (17) pancreatitis, (18) abdominal obesity, (19) neurodegenerative 
disease, (20) retinopathy, (21) nephropathy, (22) neuropathy, (23) Syndrome X, (24) ovarian 
hyperandrogenism (polycystic ovarian syndrome), (25) Type II diabetes, (26) growth hormone 
deficiency, (27) neutropenia, (28) neuronal disorders, (29) tumor metastasis, (30) benign 
prostatic hypertrophy, (32) gingivitis, (33) hypertension, (34) osteoporosis, and other conditions 
that may be treated or prevented by inhibition of DP-IV.. 
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The subject compounds are further useful in a method for the prevention or 
treatment of the aforementioned diseases, disorders and conditions in combination with other 
agents, 

The compounds of the present invention may be used in combination with one or 
more other drugs in the treatment, prevention, suppression or amelioration of diseases or 
conditions for which compounds of Formula I or the other drugs may have utility, where the 
combination of the drugs together are safer or more effective than either drug alone. Such other 
drug(s) may be administered, by a route and in an amount commonly used therefor, 
contemporaneously or sequentially with a compound of Formula I. When a compound of 
Formula I is used contemporaneously with one or more other drugs, a pharmaceutical 
composition in unit dosage form containing such other drugs and the compound of Formula I is 
preferred However, the combination therapy may also include therapies in which the compound 
of Formula I and one or more othei drugs are administered on different overlapping schedules. It 
is also contemplated that when used in combination with one or more other active ingredients, 
the compounds of the present invention and the other active ingredients may be used in lower 
doses than when each is used singly. Accordingly, the pharmaceutical compositions of the 
present invention include those that contain one or more other active ingredients, in addition to a 
compound of Formula I. 

Examples of other active ingredients that may be administered in combination 
with a compound of Formula I, and either administered separately or in the same pharmaceutical 
composition, include, but are not limited to: 

(a) other dipeptidyl peptidase IV (DP-IV) inhibitors; 

(b) insulin sensitizers including (i) PPARy agonists such as the glitazones (e.g. 
troglitazone, pioglitazone, englitazone, MCC-555, rosiglitazone, and the like) and other PPAR 
ligands, including PPARa/y dual agonists, such as KRP-297, and PPARcc agonists such as 
fenofibric acid derivatives (gemfibrozil, clofibrate, fenofibrate and bezafibrate), (ii) biguanides 
such as metformin and phenformin, and (iii) protein tyrosine phosphatase-lB (PTP- IB) 
hihibitors; 

(c) insulin or insulin mimetics; 

(d) sulfonylureas and other insulin secretagogues, such as tolbutamide glyburide, 
glipizide, glimepiride, and meglitinides, such as repaglinide; 

(e) oc-glucosidase inhibitors (such as acarbose and miglitol); 

(f) glucagon receptor antagonists such as those disclosed in WO 98/04528, WO 
</9/01423, WO 00/39088, and WO 00/698 10; 
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Likewise, compounds of the present .'inveatica inay be iised in rrombination with 
othei drugs that are used in the treatme^t/preventiori/sappressieu or ainelicratioii of the diseases 
or conditions for which compounds of the present invention are useful Such other drugs may be 
administered, by a route and in an amount commonly used therefor, contemporaneously or 
^quentially with a compound of the present invention. When a compound of the present 
j mention is used contemporaneously with one or more other drugs, a pharmaceutical 
r omposition containing such other drugs in addition to the compound of the present invention is 
preferred. Accordingly, the pharmaceutical compositions of the present invention include those 
that also contain one or more other active ingredients, in addition to a compound of the present 
invention. 

The weight ratio of the compound of the present invention to the second active 
ingredient may be varied and will depend upon Git; effective dose of each ingredient. Generally, 
an effective dose of each will be used. Thus, for example, when a compound of the present 
invention is combined with another agent, the weight iatio of the compound of the present 
invention to the other agent will generally range from about 1000: 1 to about 1:1000, preferably 
about 200:1 to about 1:200. Combinations of a compound of the present invention and other 
active ingredients will generally also be within the aforementioned range, but in each case, an 
. "fective dose of each active ingredient should be used. 

In such combinations the compound of the present invention and other active 
agents may be administered separately or in conjunction. In addition, the administration of one 
element may be prior to, concurrent to, or subsequent to the administration of other agent(s). 

The compounds of the present invention may be administered by oral, parenteral 
\g„ intramuscular, intraperitoneal, intravenous, ICY, intracisternal injection or infusion, 
■?: ibeutaneous injection, or implant), by inhalation spray, nasal, vaginal, rectal, sublingual, or 
epical routes of administration and may be formulated, alone oi together,, in suitable dosage unit 
formulations containing conventional non-toxic pharmaceutical^ acceptable carriers, adjuvants 
and vehicles appropriate for each route of administration. In addition to the treatment of waim- 
blooded animals such as mice, rats, horses, cattle, sheep, dogs, cats, monkeys, etc., the 
compounds of the invention are effective for use in humans. 

The pharmaceutical compositions for the administration of the compounds of this 
v. yention may conveniently be presented in dosage unit form and may be prepared by any of the 
methods well known in the art of phannacy. All methods include the step of bringing the active 
ingredient into association with the carrier which constitutes one or more accessory ingredients. 
In general, Lhe pharmaceutics*! compositions are prepared by uniformly and intimately bringing 
the active ingredient into association with a liquid carrier or a finely divided solid carrier or both, 
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and then, if necessary, shaping the product into the desired formulation.. In the pharmaceutical 
composition the active object compound is included in an amount sufficient to produce the 
desired effect upon the process or condition of diseases. As used herein, the term "composition" 
is intended to encompass a product comprising the specified ingredients in the specified 
amounts, as well as any product which results, directly or indirectly, from combination of the 
specified ingredients in the specified amounts. 

The pharmaceutical compositions containing the active ingredient may be in a 
form suitable for oral use, for example, as tablets, troches, lozenges, aqueous or oily suspensions, 
dispefsible powders or granules, emulsions, hard or soft capsules, or syrups or elixirs. 
. Compositions intended for oral use may be prepared according to any method known to the art 
for the manufacture of pharmaceutical compositions and such compositions may contain one or 
more agents selected from the group consisting of sweetening agents, flavoring agents, coloring 
agents and preserving agents in order to provide pharmaceutical^ elegant and palatable 
preparations. Tablets contain the active ingredient in admixture with non-toxic pharmaceutical^ 
acceptable excipients which are suitable for the manufacture of tablets. These excipipnts may be 
for example, inert diluents, such as calcium carbonate, sodium carbonate, lactose, calcium 
phosphate or sodium phosphate; granulating and disintegrating agents, for example, com starch, 
or alginic acid; binding agents, for example starch, gelatin or acacia, and lubricating agents, for 
example magnesium stearate, stearic acid or talc. The tablets may be uncoated or they may be 
coated by known techniques to delay disintegration and absorption in the gastrointestinal tract 
and thereby provide a sustained action over a longer period. For example, a time delay material 
such as glyceryl monostearate or glyceryl distearate may be employed. They may also be coated 
by the techniques described in the U.S. Patents 4,256,108; 4,166,452; and 4,265,874 to form 
osmotic therapeutic tablets for control release. 

Formulations for oral use may also be presented as hard gelatin capsules wherein 
the active ingredient is mixed with an inert solid diluent, for example, calcium carbonate, 
"iralcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed 
with water or an oil medium, for example peanut oil, liquid paraffin, or olive oil. 

Aqueous suspensions contain the active materials in admixture with excipients 
suitable for the manufacture of aqueous suspensions. Such excipients are suspending agents, for 
example sodium carboxymethylcellulose, methylcellulose, hydroxy- propylmethylcellulose, 
sodium alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia; dispersing or wetting 
agents may be a naturally-occurring phosphatide, for example lecithin, or condensation products 
of an alkylehe oxide with fatty acids*, for example poiyoxyethylene stearate, or condensation 
products of ethylene oxide with long chain aliphatic alcohols, for example 
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heptadecaetliyleneoxycetanoi, or condensation products of ethylene oxide with partial esters 
derived. from fatty acids and a hexitol such as polyoxyethylene sorbitol monooleate, or 
ondensation products of ethylene oxide with partial esters derived from fatty acids and hexitol 
-*nhydrides, for example polyethylene sorbitan monooleate. The aqueous suspensions may also 
contain one or more preservatives, for example ethyl, or n-propyl, p-hydroxybenzoate, one or 
more coloring agents, one or more flavoring agents, and one or more sweetening agents, such as 
sucrose or saccharin. 

Oily suspensions may be formulated by suspending the active ingredient in a 
vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such 
as liquid paraffin. The oily suspensions may contain a thickening agent, for example beeswax, 
hard paraffin or cetyl alcohol. Sweetening agents such as those set forth above, and flavoring 
agents may be added to provide a palatable oral preparation. These compositions may be 
preserved by the addition of an anti-oxidant such as ascorbic acid.. 

Dis persible powders and granules suitable for preparation of an aqueous 
suspension by the addition of wate* provide the active ingredient in admixture with a dispersing 
or wetting agent, suspending agent and one or more preservatives. Suitable dispersing or wetting 
agents and suspending agents are exemplified by those already mentioned above. Additional 
■ xcipients, for example sweetening, flavoring and coloring. agents, may also be present. 

The pharmaceutical compositions of the invention may also be in the form of oil- 
-i- water emulsions. The oily phase may be a vegetable oil, for example olive oil or arachis oil 
or a mineral oil, for example liquid paraffin or mixtures of these. Suitable emulsifying agents 
may be naturally- occurring gums, for example gum acacia or gum tragacanth, naturally- 
occurring phosphatides, for example soy bean, lecithin, and esters or partial esters derived from 
%tty acids *nd hexitol anhydrides, for example sorbitan monooleate, and condensation products 
■'■ f for said partial esters with ethylene oxide/ for example polyoxyethylene sorbitan monooleate. 
The emulsions may also contain sweetening and flavoring agents. 

Syrups and elixirs may be formulated with sweetening agents, for example 
* fycerol, propylene glycol, sorbitol or sucrose. Such formulations may also contain a demulcent, 
a preservative and flavoring and coloring agents. 

The pharmaceutical compositions may be in the form of a sterile injectable 
aqueous or oleagenous suspension. This suspension may be formulated according to the known 
: • t using those suitable dispersing or wetting agents and suspending agents which have been 
mentioned above. The sterile injectable preparation may also he a sterile injectable solution or 
suspension in a non-toxic parenteratly-accep table diluent^;, solvent, for example as a solution in 
1,3- butane diol. Among the acceptable vehicles and- solvents that may be employed are water, 
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Ringer's solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are 
conventionally employed as a solvent or suspending medium. For this purpose any bland fixed 
oil may be employed including synthetic mono- or diglycerides. In addition, fatty acids such as 
oleic acid find use in the preparation of injectables. 

The compounds of the present invention may also be administered in the form of 
suppositories for rectal administration of the drug. These compositions can be prepared by 
mixing the drug with a suitable non-iiritating excipient which is solid at ordinary temperatures 
but liquid at the rectal temperature and will therefore melt in the rectum to release the drug. 
Such materials are cocoa butter and polyethylene glycols. 

For topical use, creams, ointments, jellies, solutions or suspensions, etc., 
containing the compounds of the present invention are employed. (For purposes of this 
application, topical application shall include mouth washes and gargles.) 

The pharmaceutical composition and method of the present invention may further 
comprise other therapeutically active compounds as noted herein which are usually applied in the 
treatment of the above mentioned pathological conditions. 

In the treatment or prevention of conditions which require inhibition of dipeptidyl 
peptidase-IV enzyme activity an appropriate dosage level will generally be about 0.01 to 500 mg 
per kg patient body weight per day which can be administered in single or multiple doses. 
Preferably, the dosage level will be about 0. 1 to about 250 mg/kg per day; more preferably about 
0,5 to about 100 mg/kg per day. A suitable dosage level may be about 0.01 to 250 mg/kg per 
day, about 0.05 to 100 mg/kg per day, or about 0. 1 to 50 mg/kg per day. Within this range the 
dosage may be 0.05 to 0.5, 0.5 to 5 or 5 to 50 mg/kg per day. For oral administration, the 
compositions are preferably provided in the form of tablets containing 1 .0 to 1 000 mg of the 
active ingredient, particularly 1.0, 5.0, 10.0, 15.0. 20.0, 25.0, 50.0, 75.0, 100.0, 150.0, 200.0, 
250.0, 300.0, 400.0, 500.0, 600.0, 750.0, 800.0, 900.0, and 1000.0 mg of the active ingredient for 
the symptomatic adjustment of the dosage to the patient to be treated. The compounds may be 
administered on a regimen of 1 to 4 times per day, preferably once or twice per day. 

When treating or preventing diabetes mellitus and/or hyperglycemia or 
hypertriglyceridemia or other diseases for which compounds of the present invention are 
indicated, generally satisfactory results are obtained when the compounds of the present 
invention are administered at a daily dosage of from about 0. 1 mg to about 100 mg per kilogram 
of animal body weight, preferably given as a single daily dose or in divided doses two to six 
times a day, or in sustained release form. For most large mammals, the total daily dosage is from 
about 1.0 mg to about 1000 mg, preferably from about 1 mg to about 50 mg. In the case of a 70 



.-30- 



WO 2004/032836 



PCT/US2003/031287 



.-.g adult: human, the total daily dose-will generally bt from ibbut -1 mg td aboat J50 nig/ J'hib 
dosage regimen may be adjusted to provide the optimal therapeutic iespor.se. 

It will be understood, however, that the specific dose level and frequency of 
i ,sage for any particular patient may be varied and will depend upon a variety of factors 
deluding the activity of the specific compound employ&d, the metabolic stability and length of 
•iction of that compound, the age, body weight, general health, sex, diet, mode and time of 
administration, rate of excretion, drug combination, the severity of the particular condition, and 
th?> host undergoing therapy. 

Several methods for preparing the compounds of this invention are illustrated in 
ie following Schemes and Examples. Starting materials are made according to procedures 
•Tjown in the ait or as illustrated herein. 

The compounds of the present invention can be prepared from beta amino acid 
. iermcdiates such as those of fcmtulia II and substituted heterocyclic intermediates such as those 
». j formula HI, using standard peptide coupling conditions followed by deproteciion. The 
preparation s- these intermediates is described rn the following Schemes. : 

hi 

where Ai, X, R\ R 8 ? R 9 , R 10 , R 11 , R 12 and R 13 are as defined above and? is a suitable nitrogen 
protecting group such, as tert-butoxycarbonyl (BOG) r benzyloxycarbonyl (Cbz), or 9- 
fluorewylmethoxycarbonyl (Pmoc). 

SCHEME 1 . 
1) /BuOCOCI, Et 3 N ^NH O 




II 




2) CH 2 N 2 . " Ar ^ 10 

- v -'' — 

3) PhC0 2 Ag 



OH 

n 



Compounds of formula fl are comnaercially available:; known in the literature, or 
be oonvtniently prepared by a variety of methods familiar tc those skilled in the art One 
amnion route is illustrated in Scheme 1. Protected alpha-amino acid 1, which maybe 
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commercially available or readily prepared from the corresponding amino acid by protection 
using, for example, di-ter^butyl-dicarbonate (for P = BOC), carbobenzyloxy chloride (for P = 
Cbz), or //-(9-fluorenylmethoxycarbonyloxy)succinimide (for P = Fmoc), is treated with isobutyl 
chloroformate and a base such as triethylamine or diisopropylethylamine, followed by 
diazomethane. The resultant diazoketone is then treated with silver benzoate in a solvent such as 
methanol or aqueous dioxane and may be subjected to sonication following the procedure of 
Sewald et al., Synthesis, 837 (1997) in order to provide the beta amino acid EL As will be 
understood by those skilled in the art, for the preparation of enantiomerically pure beta amino 
acids II, enantiomerically pure alpha amino acids i may be used. Alternate routes to the 
protected beta-amino acid intermediates II can be found in the following reviews: E. Juaristi, 
Enantioselective Synth esis of ft- Ami no Acids. Ed., Wiley- VCH, New York: 1997; Juaristi et al., 
AldrichimicaActa. 27: 3 (1994); and Cole et al., Tetrahedron, 32: 9517 (1994). 




SCHEME 2 



[H] 
catalyst 




The optionally substituted heterocyclic intermediates of formula III are 
commercially available, known in the literature or may be conveniently prepared by a variety of 
methods familiar to those skilled in the art. One convenient method for the synthesis of Ilia 
wherein R n , R 12 and R 13 are hydrogen is shown in Scheme 2. Unsaturated derivative 2 is : 
reduced, for example, by treatment with hydrogen gas and a catalyst such as palladium on carbon 
or platinum oxide in a solvent such as methanol or ethanol to provide Compound Dla. 
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SCHEME 3 
C 0 0 

R^CI R^O^R 1 
4 5 




R 10 6 



R 8 



NH 2 OH 



UCH 2 CH 2 CI ^ f }l r, THF 

R 10 7 




rY Y : * n^VV , 

L J orsuperphos j J, />— R 1 

R 10 8 . . R 10 2a 

Intermediate 2 is commercially available, knfcwn in the literature or may be 
conveniently prepared by a variety of methods fajqodliar to those skilled in the art. One 
convenient method for Intermediates 2a, wherein X is N, is illustrated in Scheme 3. 
Ammopyrazine 3, which is commercially available, known in the literature or may be 
conveniently prepared by a variety of methods familiar to those. skilled in the. art, is treated with 
an activated carboxylate derivative such as acid chloride 4 or anhydride 5, conveniently in the 
presence of a base such as triethylamine in a solvent such as dichloromethane, to provide amide 
6. The amide is treated with phosphorus pentachloride at elevated temperatures, conveniently in 
refluxing dichloroethane, to provide the imidoyl chloride 7. Treatment with hydroxylamine 
provides intermediate 8, which may be cyclized to the desired heterocycle 2a by heating in 
polyphosphoric acid (PPA ) or superphosphoric .acid (superphos) . 
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SCHEME 4 



N 



R8 M \ R« 

1 H ni W~"Vmb k,A/N_R 1 




I XX J 



R 10 6 Ifi R1 ° ArSOg 



PPA 



— — ~ rrv* 

R9 ^Y N -N 
Rio 2a 

An alternate route to heterocycle 2a, wherein X is N, is shown in Scheme 4. 
Intermediate 6, prepared as described above in Scheme 3, is treated with an aminating reagent 
such as O-trimethylbenzehesulfonylhydroxylamine (9) to provide the amiriopyrazonium sait 10. 
Cyclization with PPA provides heterocycle 2a. 
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H 



nib 



1 ) n-BuLi, TMEDA 

2) R 8 -Y (Y = Br, i, etc.) 

or R 8 'CHO 
■ ► 

[3) n-BuL.i, TMEDA] 

[4) R 11 --Y(Y = Br, I, etc.)] 



R 0 11 



R 9 




p12 A 
■ R 10 R- 3 

m 



N 



S CHEME 5 
(Boc) 2 0 



o 

II 

11 M R 10 R 13 




H + 



R 12 R ftR- 

12 



An alternate method for preparing heterocycle HI, wherein R 8 is not H y is 
illustrated in Scheme 5. Heterocycle Hlb is protected, for example, as a carbamate such as a tert- 
butyl carbamate (BOC) by treatment with di-te/*-butyl dicarbonate to provide carbamate 11. 
Following deprotonation with a strong base such as sec-butyl lithium. or n-butyl. lithium in the 
presence of TMEDA, the resultant anion is treated with an electrophile such as an alkyl halide or 
aldehyde to provide heterocycle 12/ The process may be repeated to install a second alkyl group, 
Rll. The carbamate protecting group is then removed, in the case of BOC, by treatment with an 
*cid such as hydrogen chloride in methanol or tiifluoroacetic acid in dichloromethane, to provide 
the desired heterocycle HI. 
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SCHEME 6 
RfRU 

%IH O "Y^rV-fl 1 EDC, HOBT , DMF ^ 

Ar \x^A-nu + R9 "tX N " N or HATU - H0At - DMF 

On R {0013 or other peptide coupling 

n in 



k nh o R 8 H 11 



Aiv. A A...X _Y deproteotion 



J-^ N X^X _^ 

R 9 -K^U^tf ■ e.g., TFA/CH 2 CI 2 for P = Boc 

R 12 7C«- 



13 R RioR 13 



NHo O R 8 



o12 /\_ 13 

I R R 1oR13 

Intermediates II and HI are coupled under standard peptide coupling conditions, 
for example, using l-ethyl-3-(3-dimetftylaminopropy0^ and 1-hydroxybenzotriazole 

(EDC/HOBT) or 0-(7-azabenzotiiazol-l-yl)-;\W 

hexafluorophosphate and l-hydroxy-7-azabenzotriazole CHATU/HO AT) in a solvent such as 
NJSf-dimethylfonnamide <DMF) or dichloromethane for 3 to 48 hours at ambient temperature to 
provide Intermediate 13 as shown in Scheme 6. In some cases, Intermediate HI may be a salt, 
such as a hydrochloride or trifluoroacetic acid salt, aind in these cases it is convenient to add a 
base, generally MiV-diisopropylethylamine, to the coupling reaction. The protecting group is 
then removed with, for example, trifluoroacetic acid or methanolic hydrogen chloride in the case 
of Boc to give the desired amine L The product is purified from unwanted side products, if 
necessary, by recrystallization, trituration, preparative thin layer chromatography, flash 
chromatography on silica gel, such as with a Biotage® apparatus, or HPLC. Compounds that are 
purified by HPLC may be isolated as the corresponding salt. Purification of intermediates is 
achieved in the same manner. 

In some cases the product I* prepared as described in Scheme 6, may be further 
modified, for example, by manipulation of substituents on X, R 1 , R 8 , R 9 , Rl°, R 1 *, Rl2, or 
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R 13 , These manipulations may include, but are not limited to, reduction, oxidation, alkylation, 
acylatiori, and hydiolysis reactions which are commonly known to those skilled m the ait. 

SCHEME 7 . 

,R 8 ' 




DAST 



J. 



>>V N> N R^s^lW 
R12 R^R 13 R V^R- N 
12a 12b 

In some cases intermediates described in the above schemes may be further 
modified before the sequences are completed, for example, by manipulation of substituents on X, 
r1,r8 R9 RlO.Rll R 12 orR 13. 

These manipulations may include, but are not limited to, 
reduction, oxidation, alkylation, acylation, and hydrolysis reactions Which are commonly known 
to those skilled in the art. One such example is illustrated in Scheme 7. Intermediate 12a. 
wherein R contains a hydroxyl group, may be treated with (diethylamino)sulfur trifluoride 
(DAST) to provide the fluoro intermediate 12b. Intermediate 12b is converted to Intermediate m 
as described in Scheme 5. 
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Another example is illustrated in Scheme 8. Intermediate 12a, wherein R 8 is 
CHOHR 8 , is dehydrated, conveniently by treatment with 1,1-thiocarbonyldiimidazole in the 
presence of a catalytic amount of dimethylaminopyridine (DMAP), to give olefin 12c. Reduction 
-of the olefin, for example by treatment with hydrogen over a catalyst such as palladium on 
carbon, provides the desired intermediate 12& Intermediate 12d is converted to Intermediate IH 
as described in Scheme 5. 



SCHEME 9 




12h 



Scheme 9 illustrates another such example. Intermediate 12e wherein R 8 is 
benzyloxymethyl is reductively hydrogenated, for example, by treatment with hydrogen in the 
presence of a catalyst such as palladium on carbon, to provide alcohol 12f. The alcohol is 
converted to the corresponding mesylate 12g by treatment with mesyl chloride and a base such as 
triethylamine. The mesylate may be displaced with a variety of electrophiles, conveniently in the 
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presence of a base. One such electrophile, illustrated hi Scheme' 9, . is triazole 14, which may be 
reacted in the presence of potassium carbonate in a. sol vent such as A/lAf-dimethylfonnamide to 
provide the triazolylmethyl intermediate 12h. Intermediate 12h is converted into Intermediate HI 
is described in Scheme 5. 

In some cases the order of carrying out the foregoing reaction schemes may be 
varied to facilitate the reaction or to avoid unwanted reaction products. The following examples 
are provided so that the invention might be more fully understood. These examples are 
illustrative only and should not be construed as limiting the invention in any way. 



INTERMEDIATE 1 




(3.RV3- r(7 ^Butoxvcarbony])a^ 

Step A: ffl t ^)-//-(/g;t>-Butoxvcarbonvl)-2.5rdifluorophenvlalamne 

To a solution of 0.5 g (2.49 mmol) of 2,5-difluoro-DL-phenylalanine in 5 mL of 
tert-butanol were added sequentially 1.5 mL of 2N aqueous sodium hydroxide solution and 543 
vag of di-fcrt-butyl dicarbonate. The reaction was stirred at ambient temperature for 16 h and 
:iiluted with ethyl acetate. The organic phase was washed sequentially with lN hydrochloric acid 
and brine, dried over magnesium sulfate and concentrated in vacuo. The crude material was 
purified by flash chromatography (silica gel, 97:2:1 dichlorometharie:methanol:acetic acid) to 
afford 671 mg of the title compound. MS 302 (M + 1). 

Step E: (j? t 51-3-r(fe^Butoxvcarbonyn 

To a solution of 2.23 g (7.4 mmol) of (/?,S)-iV-(/«t-butoxycarbqnyl>2,5-" 
difluorophenylalanine in 100 mL of diethyl ether at 0 °C were added sequentially 1.37 mL (8.1 
mmol) of triethylamine and 0.931 mL (7.5 mmol) of isobutyl chlorpformate and the reaction was 
stirred at this temperature for 15 min. A cooled ethereal solution of diazomethane was then 
added until the yellow color persisted and stirring was continued for a further 16 h. The excess 
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diazomethane was quenched by dropwise addition of acetic acid, and the reaction was diluted 
with ethyl acetate and washed sequentially with 5% hydrochloric acid, saturated aqueous sodium 
bicarbonate solution and brine, dried over magnesium sulfate and concentrated in vacuo. 
Purification by flash chromatography (silica gel, 4:1 hexane:ethyl acetate) afforded 1.5 g of 
diazoketone. 

!H NMR (500 MHz, CDCI3) 5 7.03-6.95 (m, 1H), 6.95-6.88 (m, 2H), 5.43 (bs, 1H), 5.18 (bs, 
1H), 4.45 (bs, 1H), 3.19-3.12 (m, 1H), 2.97-2.80 (m, 1H), 1.38 (s, 9H). 

Step C : (3^V3"r^grr-Butoxvcarbonvnaminol-4-(2,5-difluorophenvl)butanoic acid 

To a solution of 2.14 g (6.58 mmol) of (/f^-S-C^rt-butoxycarbony^-aminol-l- 
diazo-4-(2,5-difluorophenyl)butan-2rone dissolved in. 100 mL of methanol at -30 °C were added 
sequentially 3.3 mL (19 mmol) of diisopropylethylamine and 302 mg (1.32 mmol) of silver 
benzoate. The reaction was stirred for 90 min before diluting with ethyl acetate and washing 
sequentially with 2N hydrochloric acid, saturated aqueous sodium bicarbonate, and brine. The 
organic phase was dried over magnesium sulfate, concentrated in vacuo and the enantiomers 
were separated by preparative chiral HPLC (Chiralpak AD column, 5% ethanol in hexanes) to 
give 550 mg of the desired (i?)-enantiomer, which eluted first. This material was dissolved in 50 
mL of a mixture of tetrahydrofuran:methanol: IN aqueous lithium hydroxide (3:1:1) and stirred 
at 50 °C for 4 h. The reaction was cooled, acidified with 5% dilute hydrochloric acid and 
extracted with ethyl acetate. The combined organic phases were washed with brine, dried over 
magnesium sulfate and concentrated in vacuo to give 360 mg of the title compound as a white 
foamy solid. 

lH NMR (500 MHz, CDCI3) 5 7.21 (m, 1H), 6.98 (m, 2H), 6.10 (bs, 1H), 5.05 (m,lH), 4.21 (m, 
1H), 2.98 (m, 2H), 2.60 (m, 2H), 1.38 (s, 9H). 

INTERMEDIATE 2 




(3R)-3-r(fe^ButoxvcarbonvDaim^ acid 
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SlS&A: (2R/JS)- 2 v 5-Dij^dro-3 1> dimethoxv^^^fluoro^^rtrifluoromethvl^benzvIVS- 
isopropvlpvrazine 

To a solution of 3.32 g (18 mmol) of commercially available (2S)-2,5-dihydro- 
3,6-dimethoxy-2-isopropylpyrazine in 100 mL of tetrahydrofuran at -70 °C was added 12 mL 
(19 mmol) of a 1.6M solution of butyllithium in hexanes. After stirring at this temperature for 
20 min, 5 g (19.5 mmol) of 2-fluoro-4-trifluoromethylbenzyl bromide in 20 mL of 
tetrahydrofuran was added and stirring was continued for 3 h before warming the reaction to 
ambient temperature. The reaction was quenched with .water, concentrated in vacuo, and 
extracted with ethyl acetate. The combined organic phase was washed with brine, dried, and 
concentrated in vacuo. Purification by flash chromatography (silica.gel, 0-5% ethyl acetate in 
hexanes) afforded 5.5 g of the title compound. 

lH NMR (500 MHz, CDC1 3 ) 5 7 33-7.25 (m, 3H), 4.35^3 1 (m, 1H), 3.75 (s, 3H), 3,65 (s, 3H), 
^.60 (t, 1H, J = 3.4 Kz) ; 3.33 (dd, 1H, J = 4.6, 13.5 Hz), 3.03 (dd, 1H, J = 7, 13.5 Hz), 2.25-2.15 
(m, 1H), 1.0 (d, 3H, J 7 Hz), 0.66 (d 5 3H, J = 7 Hz). 

StepB: iEtii '(tert- Butoxvcarbonv])-2-fluoro-4-trifIuoromethvl-phenvlalanin e methyl 
ester 

To a solution of 5.5 g (15 mmol) of (2/^ ) 5S , )-2,5^dihydro-3,6-dimethoxy-2-(2 , - 
fluoro-4 : (trifluoromethyl)benzyl)-5-isopropylpyrazine in 50 mL of a mixture of 
acetonitrileidichlororaethane (10:1) was added 80 mL of IN aqueous trifluoroacetic acid. Hie 
reaction was stirred for 6 h and the organic solvents were removed in vacuo. Sodium carbonate 
was added until the solution was basic (>pH 8), and then the reaction was diluted with 100 mL of 
Lf trahydrofuran and 10 g (46 mmol) of di-ferf-butyl cficarbonate was added. The resulting slurry 

,5 stirred for 16 h, concentrated in vacuo, and extracted with ethyl acetate. The combined 
organic phase was washed with brine, dried, and concentrated in vacuo. Purification by flash 
chromatography (silica gel, 20% ethyl acetate in hexanes) afforded 5.1 g of the title compound. 
*H NMR (500 MHz, CDCI3) 8 7.38-7.28 (m, 3H), 5.10 (bd, 1H), 4.65-3.98 (m, 1H), 3.76 (s, 
3H), 3.32-3.25 (m, 1H), 3.13-3.05 (m, 1H), 1.40 (s, 9H). 

Step C: ffl)-A T -agrr- ButoxVcarbonvn-2-fluoro-4-trifluoromethvnphenvl-alanine 

A solution of 5.1 g (14 mmol) of (i?,5)-iV-(^rf-butoxycarbonyl)-2-fluoro-4- 
tefluoromethyi)phenylalanine methyl ester in 35C mL of a mixture- of tetrahydrofuran: 
;/^Lhanol:lN lithium hydroxide (3:1:1) was stirred at 50 C C for 4 h. The reaction was cooled, 
acidified with 5% hydrochloric acid and extracted with ethyl acetate. The combined organic 
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phases were washed with brine, dried over magnesium sulfate and concentrated in vacuo to give 
4.8 g of the title compound. 

*H NMR (500 MHz, CD3OD) 5 7.45-7.38 (m, 3H), 4.44-4.40 (m, 1H), 3.38-3.33 (m, 1H), 2.98 
(dd, lH,J = 9.6,13.5Hz), 1.44(s,9H). 

S tep D : (3i?)-3-r(terf-Butoxvcarbonvl)ar^ 
butanoic acid 

To a solution of 3.4 g (9.7 mmol) of the product from Step C in 60 mL of 
tetrahydrofuran at 0 °C were added sequentially 2.3 mL (13 mmol) of diisopropylethylamine and 
1.7 niL (13 mmol) of isobutyl chlorofonnate and the reaction was stirred at this temperature for 
30 nun. A cooled ethereal solution of diazomethane was then added until the yellow color 
persisted and stirring was continued for a further 16 h. The excess diazomethane was quenched 
by dropwise addition of acetic acid, and the reaction was diluted with ethyl acetate and washed 
sequentially with 5% hydrochloric acid, saturated aqueous sodium bicarbonate solution and 
brine, dried over magnesium sulfate and concentrated in vacuo. Purification by flash 
chromatography (silica gel, 9:1 hexane:ethyl acetate) afforded 0.5 g of diazoketone. To a 
solution of 0.5 g (1.33 mmol) of the diazoketone dissolved in 100 mL of methanol at 0 °C were 
added sequentially 0.7 mL (4 mmol) of diisopropylethylamine and 32 mg (0.13 mmol) of silver 
benzoate. The reaction was stirred for 2 h before diluting with ethyl acetate and washing 
sequentially with 2N hydrochloric acid, saturated aqueous sodium bicarbonate, and brine. The 
organic phase was dried over magnesium sulfate, concentrated in vacuo and dissolved in 50 mL 
of a mixture of tetrahydrofuran:methanol:lN aqueous lithium hydroxide (3:1:1) and stiired at 50 
°C for 3 h. The reaction was cooled, acidified with 5% hydrochloric acid and extracted with 
ethyl acetate. The combined organic phases were washed with brine, dried over magnesium 
sulfate and concentrated in vacuo to give 410 mg of the title compound as a white foamy solid. 
lH NMR. (500 MHz, CD3OD): 8 7.47-7.33 (m, 3H), 4.88 (bs, 1H), 4.26-3.98 (m, 1H), 3.06-3.01 
(m, 1H), 2.83-2.77 (m, 1H), 2.58-2.50 (m, 2H), 1.29 (s, 9H). 
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INTERMEDIATE 3 



F CL 




Step A: (25, 5*V2.5-Dihvdro-3.6-d^ 
pyrazine 

The title compound (3.81 g) was prepared from 3.42 g (18.5 mmol) of (2^-2,5- 
dihydroo,6-dimethoxy-2-isopropylpyra2ine aftd 5 g (22.3 mmol) of 2,4,5-trifluorobenzyl 
bromide using the procedure described for Intermediate 2, Step A. 

lH NMR (500 MHz, CDCI3): 5 7.01 (m, 1H), 6.85 (m, 1H), 4.22 (m, 1H), 3.78 (m, 3H), 3.64 
(m, 3H) r 3.61 (m, 1H), 3.20 (ra r 1H), 2.98 (m, 1H), 2.2Q (m, 1H), 0.99 (d, 3H, J = 8 Hz), 0.62 (d, 
3H v J = 8Hz). 

fTtepB: (^iV-ftm-Butoxvcaibon^ metlivl ester 

To a solution of 3.81 g (11.6 mmol) of (2^/57?)-2,5-dihydro-3,6^imethoxy-2- 
isopropyl-5-(2 > ,4\5'trifluorobenzyl)pyrazine in 20 mL of acetonitrile was added 20 mL of 2N 
hydrochloric acid. The reaction was stirred for 72 h ^d concentrated in vacuo. The residue was 
dissolved in 30 mL of dichloromethane and 10 mL (72 mmol) of iriethylamine and 9.68 g (44.8 
mmol) of di-terr-butyl dicarbonate were added. The reaction was stirred for 16 h, diluted with 
othyl acetate and washed sequentially with IN hydrochloric acid and brine. The organic phase 
was dried over sodium sulfate, concentrated in vacuo and purified by flash chromatography 
(silica gel, 9:1 hexanes:ethyl acetate) to afford 2.41 g of the tide compound. 
lH NMR (500 MHz, CDCI3): 5 6.99 (m, 1H), 6.94 (m ? 1H), 5.08 (m, 1H), 4.58 (m, 1H), 3.78 
(m, 3H), %19 (m, 1H), 3.01 (m, 1H), 1.41 (s, 9H). 

C; ffl)-Al(fe^Butoxyca rboriYn^ 
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The title compound (2.01 g) was prepared from 2.41 g (7.5 mol) of (RyN-itert- 
butoxycarbonyl)-2,4,5-trifluorophenylalanine methyl ester using the procedure described for 
Intermediate 2, Step C. 
LC-MS 220.9 (M+l - BOC). 

Ste^D: (3 ffl-S-rfrg^-Butoxvcarb onvnaininol^f 2,4 .5-trifluorophenvlVbutanoic acid 

To a solution of 0.37 g (1.16 mmol) of (/?)-A^-(l,l-dimethylethoxy-carbonyl> 
2,4,5-trifluorophenylaIanine in 10 mL of diethyl ether at -20 °C were added sequentially 0.193 
mL (1.3 mmol) of triethylamine and 0.18 mL (1.3 mmol) of isobutyl chloroformate, and the 
reaction was stirred at this temperature for 15 min. A cooled ethereal solution of diazomethane 
was then added until the yellow color persisted and stirring was continued for a further 1 h. The 
excess diazomethane was quenched by dropwise addition of acetic acid,, and the reaction was 
diluted with ethyl acetate and washed sequentially with saturated aqueous sodium bicarbonate 
solution and brine, dried over magnesium sulfate and concentrated in vacuo. Purification by 
flash chromatography (silica gel, 3:1 hexane:ethyl acetate) afforded 0.36 g of diazoketone. To a 
solution of 035 g (1.15 mmol) of the diazoketone dissolved in 12 mL of 1,4-dioxane: water (5:1) 
was added 26 mg (0.113 mmol) of silver benzoate. The resultant solution was sonicated for 2 h 
before diluting with ethyl acetate and washing sequentially with IN hydrochloric acid and brine, 
drying over magnesium sulfate and concentrating in vacuo. Purification by flash 
chromatography (silica gel, 97:2:1 dichlorometh^: methanol: acetic add) afforded 401 mg of the 
title compound. 

1HNMR (500 MHz, CDC1 3 ) 5 7.06 (m, 1H), 6.95 (m, 1H), 5.06 (bs, 1H), 4.18 (m, 1H), 2.98 (m, 
2H), 2,61 (m,2H), 1.39 (s,9H). 



INTERMEDIATE 4 




(3i?M-(2-Bromo^;5-di fluorophenv^ 
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To a solution of 2.4 g (10 mmol) of 2 brohio^/S-difluorobenzoic acid [prepared 
according to the procedure of Braish et al., Syn: Comm .. 3067-3074 (1 992)] in 75 mL 6f 



ietrahydrofuran was added 2.43 g (15 mmol) of carbonyldiimidazole. The solution was heated 
under reflux for 3.5 h, cooled to ambient temperature and 0.38 g (10 mmol) of sodium 
borohydride in 15 mL of water was added. The reaction was stirred for 10 min and partitioned 
between ethyl acetate and 10 % aqueous sodium bicarbonate solution. The organic layer was 
washed twice with warm water, brine, dried over magnesium sulfate, and concentrated in vacuo. 
Purification by flash chromatography (silica gel ? 4: 1 hexanerethyl acetate) afforded 1.9 g of 2- 
bromo-4,5-difluorobenzyl alcohol. To a solution of ] .9 g (8.4 mmol) of 2-bromo^,5- 
difluorobenzyl alcohol in 30 mL of dichlorometharie at 0 °C was added 3.4 g (10 mmol) of 
carbon tetrabromide and 27 g (10 mmol) of triphenylphosphine. The reaction was stirred for 2 h 
vj this temperature, the solvent was removed in vacuo and the residue stiired with 100 mL of 
diethyl ether. The solution was filtered, concentrated in vacuo, and purified by flash ' 
chromatography (silica gel, 20: 1 hexaneiethyl acetate), to afford 2.9 g of 2-bromo-4,5- 
difluorobenzyl bromide contaminated with carbon tetrabromide which was used without further 
purification. Using the procedures outlined for the preparation of Intermediates 2-4, the benzyl 
bromide derivative was converted to the title compound. 
LC MS 194 and 396 (M+l). 

Essentially following the procedures outlined for thfe preparation of Intermediates 
4, the fotermediates in Table 1 were prepared. 



. TABLE 1. 





O, 



,o 



Intermediate 



Selected HNMR data (CD3OD) 



5 



2-F,4-Cl,5-F 



7.11 (dd, l H, J = 8,9, 64 Hz), 7 03 (dd, 1 
H, J = 9 A 6.6) 
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6 


2-F.5-C1 


7.27 (dd, 1 H, J = 6.4, 2.5 Hz), 7.21 (m. 1 
H), 7.03 ft, 1 H. J = 9 2Hz") 


7 


2-Me,5-Cl 


7.16 (d, 1 H, J = 1.8 Hz), 7.11-7.07 (m, 2 
H) 2 34(s 3 ED 


8 


2-C1.5-C1 


734 (d 1 H J = 9 0) 7 33 (d 1 H J = 2 1 
Hz), 7.21 (dd, 1 H, J = 8.5, 2.5 Hz) 


9 


2-F,3-Cl,6-F 


7.35 (td, 1 H, J = 8.5, 5.8 Hz), 6.95 (t, 1 j 
H, J = 8.5 Hz) 


10 


3-Cl,4-F 


7.33 (d, 1 H, J = 6.9 Hz), 7.19-7.11 (m, 2 
H) 


11 


2-F,3-F,6-F 


7.18-7.12 (m, 1 H), 6.91 (m, 1 H) 


12 


2-F,4-F,6-F ! 


6.81 (t, 2 H, J = 8.4 Hz) 


13 


2-OCH 2 Ph,5-F 


7.49 (d, 2 H, J = 7.6 Hz), 7.38 (t, 2 H, J = 
7.3 Hz), 7.30 (t, 1 H, J - 7.3 Hz), 6.96- 
6.89 (m, 3 H), 5.11 (d, 1 H, J = 1 1.7 Hz), 
5.08 (d,lH,J= 11.9 Hz) 



EXAMPLE 1 




7-rf3fi)-3-Amino-4-(2.4,5-trifluorophenvl)butanovll-2-(trifluoromethvl)-5.6.7.8- 
tetrahvdrori.2.41triazolori.5-a1pyrazine. hydrochloride 
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Step A: 2,2,2-Trifluoro-iV-p via2in-2-ylacetaTr.id& . 

To a slightly heterogeneous solution of aminopyrazine (22.74 g, 239 mmol) and 
triethylamine (36.66 mL, 263 mmol) in dichloromethane (400 riiL) was added trifluoroacetic 
anhydride (50.20 g, 239 mmol) dropwise at 0 °C. The solution was stirred at 0 °C for 1 h and at 
f mbient temperature for 2 h. Filtration of the resultant white precipitate followed by washing 
with dichloromethane afforded the title compound as a white solid. 

*H NMR (500 MHz, CD 3 OD): 8 8.44-8.46 (m, 2H), 9.33 (d,lH, J=L4 Hz); LC/MS 192 (M+l). 

Step B: 2,2,2-Trifluoro-/r4ivckoxy-^ 

To a suspension of 2,2,2-trifluoro-A^-pyrazjn-2-ylacetamide (14.56 g, 76.26 mmol, 
from Step A) in dichloroethane (325 mL) was added phosphorous pentachloride (421.73 g, 99.13 
mmol) portionwise. The mixture was refluxed for 5 : h. After evaporation of dichloroethane, the 
residue was suspended in tetrahydrofuran (325 mL). To the above mixture was added 50% 
aqueous hydroxylamine (20 mL) dropwise. After stirnng at ambient temperature for 2 h, the 
fixture was partitioned between ethyl acetate and aqueous sodium bicarbonate. The aqueous 
layer was extracted three times with ethyl acetate. The combined organic layers were washed 
with brine and dried over anhydrous magnesium sulf ate. Concentration gave the title compound 
as a yellow solid. - 

J H-NMR (500 MHz, CD 3 OD): 5 8.04 (m, 2H), 8.17 (s, 1H). LC/MS 207 (M+l). 

S tep C : 2-rTrmuoromethvnri.2.41triazolo rX T 5^1pyra7ir.ft 

A mixture of 2,2,2-trifluoro-A/'-hydroxy-^ (105 g, 

;i0.97 mmol, from Step B) and polyphosphoric acid (80 mL) was heated to 150°C with stirring 
for 18 h. The solution was added to ice and neutralized by addition of ammonium hydroxide. 
The dark aqueous solution was extracted three times with ethyl acetate, washed with brine, and 
dried over anhydrous magnesium sulfate. Concentration.followed by flash chromatography 
(^0%then 

100% ethyl acetate/hexane) afforded the title compound as a yellow solid. 

*H-NMR (500 MHz, CDC1 3 ): 5 8.42 (d, 1H, J=4.6 Hz), 8.67 (dd, 1H, J=1.4 and 4.6 Hz) : 9.47 (d, 

1H, J=L4 Hz). LC/MS 189 (M+l). 

Step D : 2-(Trifluoromethvl>5.6J,8-te^^ 

2-(TrifiuoromethylHl,2,4]tri^ mg, 1 .81 mmol, from 

Step C) was hydrogenated under atmospheric hydrogen with 10%:palladiam on carbon (60 mg) 
a §, a catalyst in ethanoi (10 mL) at ambient tempefature for 18 h. Filiation through Celite 
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followed by concentration gave a dark colored oil. Hash chromatography (100% ethyl acetate, 
then 10% methanoVdichloromethane).gave the title compound as a white solid. 
'H-NMR (500 MHz, CDC1 3 ): 8 1.80 (br, 1H), 3.40 (t, 2H, J = 5.5 Hz), 4.22-4.26 (m, 4H); 
LC/MS 193 (M+l). 

Step E: 7- rGj?)-34frg^-ButoxvcarbonvDamino1-4-(2,4,5-trifluorophenvnbutanovn 
ftrifluoromethvlV5.6.7.8-tetrahvdrorL2 t 41triazolor43-fl1 pvrazine 
To a solution of 2-(trifluoromethyl)-5,6,7,8-tetrahydro[l,2,4]triazolo[l,5- 
ajpyrazine (28.8 mg, 0.15 mmol, from Step D) and (3fl)-3-[(ter^butoxycarbonyl)amino]-4- 
(2,4,5-trifluorophenyl)butanoic acid (Intermediate 3, 50.0 mg, 0.15 mmol) in DMF (3 mL) was 
added hydroxybenzotriazole (HOBT, 26.1 mg, 0.19 mmol) at 0° C . The reaction was stirred at 0 
°C for 5 min, then l-(3-dimethylaminopropyI)-3-ethylcarbodiimide hydrochloride (EDC, 37.0 
mg, 0.19 mmol) was added After removal of the ice-bath, the reaction was allowed to stir at 
ambient temperature for 16 h. After removal of the DMF by evaporation, the residue was 
partitioned between ethyl acetate and aqueous sodium bicarbonate. The aqueous layer was 
extracted three times with ethyl acetate. The combined organic layers were washed with brine 
and dried over magnesium sulfate. Concentration followed by preparative TLC (10% 
methanol/dichloromethane) gave the title compound as a foamy solid 

X H NMR (500 MHz, CDC1 3 ): 5 1.38 (s, 9H), 2.60-3.00 (m, 4H), 3.95-4.40 (m, 5H), 4.84 (s, 1H), 
4.95-5.02 (m, JH), 5.30 (br s, 1H). 6.85-6.95 (m, 1H), 7.05-7.13 (m, 1H); LC/MS 408 (M+l- 
BOC). 

StepF: 7-rGj?V3-A mmo-4-(2A5-trifl 

tetrahvdrori.2,41triazolorL5-fl1pvrazine, hydrochloride . 

To 7-[(3i?)-3-[(te^butoxycarbonyl)a^ 
(trifluoromethyl)-5 5 6,7,8-tetrahydro[l,2,4]triazolo[4,3-fl] pyrazine (63.1 mg, 0.12 mmol, from 
Step E) was added 3 mL of methanol saturated with hydrogen chloride at 0 °C. The reaction was 
stirred at ambient temperature for 45 min. Concentration gave the title compound as a white 
solid. 

lH NMR (500 MHz, CD3OD): 5 2.75-3.15 (m, 4H), 3,85-3.95 (m, 1H), 4.00-4.40 (m, 4H), 
4.90-5.00 (m, 2H), 7.18-7.25 (m, 1H), 7.32-7.42 (m 5 1H). ESI-MS 408 (M+l). 
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E XAMPLE 2 

P •HCI 

NH 2 0 Me 

2JK3j&3-A mino^-(2A5<rffl^^ 

tetrahvdrol L2,4ltriazolori,5-a1p\Tazine. hydrochloride 

>M$> A: 7-AVfer^eutoxvcarbon vl V2-to^^ 

tetraI)vcirofl,2,41triazoIori,5^]pwa2ine 

To a solution of 2-(trifluoromethyl^ 
ojpyrazme (3.68 g, 19.18 mmol, Step £>, Example 1) in 70 mL of dichloromethane was added di- 
:> rt-butyl dicarbonate (4.60 g, 21.10 mmol) and 3.34 mL (19.18 mmol) of 
aisopropykthylamine. The reaction mixture was allowed to stir at ambient temperature 
overnight After evaporation of dichloromethane, the residue was partitioned between saturated 
aqueous sodium bicarbonate solution and ethyl acetate. The aqueous phase was extracted with 
dire? portions of etayl acetate, arid the combined organic phases were washed with brine, dried 
v. : ver magnesium sulfate, and concentrated. Flash chromatography (silica gel, 10% followed by 
J)% ethyl acetate/hexane) yielded the title compound as a clear oil. 

'H-NMR (500 MHz. CDO,): 5 1.51 (s, 9H), 3.99 (t, 2H, J=53 Hz), 4.28 (t, 2H, J=5.5 Hz), 4.81 
is, 211): 11 VMS 237 .(M-M-tBu). 

£te£LB: 7^-tig; ^Butoxvcarbonvl)-8-methvl-2-ftrifluoromethy^ 
netra hydroi L2.41triazolofl ,5-alpyrazine 

To a solution of 7-iV-(^;t-butoxycarbonyl)-2-(trifluorometbyl)-5,6,7,8- 
^trahydrotl^^triazoiotl^-alpyrazine (1.85 g, 6.35 mmol) in 25 mL of toluene at -78 °C was 
added iVi^A^tetramethylethylenediamine (1.01 mL, 6.67 mmol) followed by n-butyllithium 
(4.17 mL of a 1.6 M solution in hexanes, 6.67 mmol). The mixture was stirred at -78 °C for 10 
min and then iodomethane (0.415 mL, 6.67 mmol) was added dropwise. The mixture was 
allowed to stir at -78 °C for 10 min, and then it was wanned to ambient temperature. The 
voaOion was quenched with aqueous ammonium chloride and the aqueous layer was extracted 
ihsee times with ethyl acetate. The combined organic layers were washed with brine, dried over 
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magnesium sulfate, and concentrated. Purification by flash chromatography (silica gel, 10% 
ethyl acetate/hexane) yielded the title compound. 

! H-NMR (500 MHz, CDC1 3 ): 5 1.55 (s, 9H), 1.61 (d 5 3H, J=6.9 Hz), 3.40 (br 1H), 4.22-4.27 (m, 
1H), 4.30-4.35 (m, 1H), 4.62 (br 1H), 5.50 (br 1H); LC/MS 251 (M+l- t-Bu). . 

:' . *ep C : 8-Methvl-2-(trifluoromethvl>5^ 
hydrochloride 

To a solution of 7-N-(^rNbutoxycarbonyl)-8-methyl-2-(trifluoromethyl)-5,6,7,8- 
tetrahydro[l,2,4]triazolo[l,5-a]pyrazine (2.40 g, 7.83 mmol) in 40 mL of methanol was added 50 
mL of methanol saturated with hydrogen chloride. The reaction was stirred at ambient 
temperature for 1 h. Concentration in vacuo gave the title compound as an off-white solid. 
*H NMR (500 MHz, CD3OD): 5 1.82 (d, 3H, J=6.8 Hz), 3.82-3.88 (m, 1H), 3.98-4.05 (m, 1H), 

4.53-4.65 (m, 2H), 4.95 (q, 1H, J=6.9 Hz); LC/MS 207 (M+l). 

Step D : 7-r(3i?y3-r(fe^Butoxvcarbonvl)ai^ 

methvl-2-(trifluoromethvl)-5,6J,84^^ 

To a solution of 8-methyl-2-(trifluoromethyl)-5,6,7,8- . 
tetrahydro[l,2,4]triazolo[l,5-a]pyrazine, hydrochloride (103 mg, 0.50 mmol, from Step C), (3/?)- 
^Kteit-butoxycarbonyl)amino]-4-(2,4,5-trifluorophenyl)butanoic acid (Intermediate 3, 175 mg, 
0.53 mmol), andN, N-diisopropylethylamine (0.096 mL, 0.55 mmpl) inDMF (1.5 mL) was 
added l-hydroxy-7-azabenzotriazole (HO AT) (8 1 .7, 0.60 mmol) followed by 0-(7- 
azabenzotriazol-l-yl)-iV ) A r ,iV\^'-tetxamethyluronium hexafluorophosphate (HATU) (228 mg, 
0.60 mmol). The solution was stirred at ambient temperature for 24 h. After removal of the 
DMF by evaporation, the residue was partitioned between ethyl acetate and aqueous sodium 
bicarbonate. The aqueous layer was extracted three times with ethyl acetate. The combined 
organic layers were washed with brine, dried over anhydrous magnesium sulfate, and 
concentrated. Purification by flash chromatography (25% ethyl acetate/hexane) gave the title 
impound as a mixture of diastereomers. The diastereomers were separated by HPLC (Gilson, 
OD Chiralcel column, 7% ethyl acetate/hexane). Faster eluting diastereomer: *H NMR (500 
MHz, CDCI3) 5 1.38, (s, 9H), 1.50-1.80 (m, 3H), 2.45-3.10 (m, 4H), 3.20-3.30 (m, 0.5H), 3.66- 
^80 (m, 0.5H), 4.05-4.45 (m, 3.5H), 5.10-5.20 (m, 0.5H), 5.20-5.40 (m, 1.5H), 5.90-6.00 (m, 
0.5H), 6.80-7.00 (m, 1H), 7.02-7.18 (m, 1H); LC/MS 422 (M+l-Boc); Slower eluting 
diastereomer: ! H NMR (500 MHz, CDC1 3 ) 8 1.39, (s, 9H), 1.50-1.75 (m, 3H), 2.60-3.05 (m, 
4H), 3.20-3.30 (m, 0.5H), 3.65-3.75 (m, 0.5H), 4.00-4.40 (m, 3.5H), 5.10-5.18 (m, 0.5H), 5.18- 
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.'..42 (m, 1.5H), 5.90-5.99 (m, 0.5H), 6:85-6,95 (in, 1H), -e> 55-715 (m, ).H); LOMS 422 (M+l- 
BOC). 

Step E: 7-r(3j?V3-Amino-4-(2,4,5-trifluorophenvl)butanovl1-8>meihvl--2- 

( trifluoromethviy5A7,8-tetrah^^^^ hydrochloride 
To a solution of 46.4 mg of the slower eluting diastereomer of 7-[(3i?)-3-[(terr- 

butoxycarbonyl)amino]-4-(2A5-trifluoropheny 

tetrahydrotl^^JtriazoloM.S-alpyrazine from Step D in 15 mL of methanol was added 20 mL of 
methanol saturated with hydrogen chloride. After 30 min^ the reaction was concentrated m 
■ acuo to give the title compound as a white solid. ■ 

In a separate experiment, to a solution of 46.8 mg of the faster eluting 
diastereomer in 5 mL of methanol was added 6 iqL of methanol saturated with hydrogen 
chloride. The reaction was stirred at ambient temperature for 30 min. Concentration gave the 
product as a white solid. 

Compound from the faster eluting diastereomer: *H NMR (500 MHz, CD 3 OD) 
S 1.50-1.75 (m, 3H), 2.80-3.15 (m, 4H), 3.39 -3.46 (m, 03H), 3.80-3,95 (m, 1.7H) ? 4.19 (dt, 
- 3H, J=4.2, 12.6 Hz,), 4.23-4.40 (m, 2.4H), 5.00 (dd, 0:3H, J=4.3, 14.2Hz), 5.34 (q, 0.3H, J=7.1 
f Iz) t 5.82 (q, 0.7H, J=6.9 Hz), 7.20-7.30 (m, 1H), 7.35-7.44 (m,lH); LC/MS 422 (M+l); 
Compound from the slower eluting diastereomer: ? H JJMR (500MIIz, CD 3 OD) 81.54 (d, 2.1H, 
J=6.3 Hz), 1.66 (d, 0.9H, J^6.9 Hz), 2.70-3J6 (m, 4H), 3.40-3.46 (m, 0.3H), 3.75-3.98 (m, 
5L7H), 413 (dt ? 0.3H, J=41, 11.9 Hz), .4.25-4.42 (m, 2.4H), 5.00 (dd, 0.3H, J=41, 14.0 Hi), 5.33 
(q, 0.3H, J-7. 1 Hz), 5.84 (q, 0.7H., J=6.9 Hz), 7.20-7.30 (m, JH), 7 3S-7.45 (m,lH); LC/MS 422 

(M+l). 



EXAMPLE 3 




r7-r(3i?)-3-Aimno-4-(2,4,5^ 

attra hvdro f 1 ,2,41tri azolo f 1 «5~a ]p vr azin-8-vll (cyclopropvrimethanol , hydrochloride 
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Step A : r7-A^-frgrf>Butoxvcarbonvl)-2-(trifluoromethvlV5.6.7.8- 

tetrah vdro f 1 ,2,41 triazolo r 1 ,5-olp vrazin-8-vll (c vcloprop vDmeth anol 
To a solution of 1.86 g (6.38 mmol) of 7-Af-(rert-butoxycarbonyl)-2- 
(trifluoromethyl)-5,6 J^-tetrahydrotl^^Jtriazolotl^-alpyrazine (Ex. 2, Step A) in 20 mL of 
toluene at -78 °C was added 5.88 mL (7.65 mmol, 1.3 M solution in cyclohexane) of sec- 
butyllithium. The reaction mixture was stirred at -78 °C for 20 min, then 0.524 mL (7.01 mmol) 
of cyclopropanecarboxaldehyde was added dropwise. The reaction mixture was stirred at -78 °C 
for 10 min. The -78 °C bath was removed and the mixture was allowed to stir at ambient 
temperature for 1 h. The reaction was quenched by the addition of saturated aqueous ammonium 
chloride solution and extracted with three portions of ethyl acetate. The combined organic 
phases were washed with brine, dried over magnesium sulfate, and concentrated to give 2.24 g of 
crude material. Purification by flash chromatography (silica gel, 7 to 10% ethyl acetate/hexane) 
gave the title compound as a mixture of 4 diastereomers. LC/MS 363 (M+l). 

Step B : r2-(TrifluoromethvlV5.6J.8-tet^ 

vnfcvclopropvl>methanol, hydrochloride 

The BOC protecting group was removed from a 400 mg portion of l-N-{tert- 
butoxycarbonyl)-2-(trifluoromethyl)-5,6,7,8-tetrahydro[ 1 ,2,4]triazoIo[l,5-tf]pyrazin-8- 
yl](cyclopropyl)methanol essentially following the procedure outlined in Example 2, Step C to 
provide the title compound. 
LC/MS 245 (M+1-H 2 0). 

Step C : r7-r(3i?V3.-r(fert-Butoxv^ 

(trifluoromethvI)-5,6J,8-tetrahvdrorL241triazolorL5-fl1pvrazin-8- 
vll ( cvcloprop vDmethanol 

A 160 mg portion of [2-(trifluoromethyl)-5,6,7,8-tetrahydro[.l,2,4]triazolo[l,5- 
aJpyrazin-8-yl](cyclopropyl)methanol hydrochloride was coupled to (3i?)-3-[(^rt- 
butoxycarbonyl)amino]^-(2,4,5-trifluorophenyl)butanoic acid essentially following the 
procedure outlined in Example 2, Step D. Purification by preparative TCL (silica gel, 10% 
methanol/dichloromethane) gave 176 mg of the product as a mixture of diastereomers. HPLC 
(OD chiralcel column, 6% ethanol/hexane) separated the first and last eluting diastereomers. The 
middle fractions containing two diastereomers were further subjected to HPLC (OD chiralcel 
column, 3% ethanol/hexane) to. provide the second and the third eluting diastereomers. 
LC/MS 504 (M+l-tBu-H 2 0). 
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Ste P D - r74f3j?V3-Ai nino^-f2.4.S-trffluorophenYl)butanGvn-2^trifluoromethvIV5.6 
tetrahvdrori.2.41triazolori.5-fl1p^ 

The BOC protecting group was removed from a 12 mg portion of [7-[(3^)-3- 
[(tert-butoxyca*onyl)aminoMK2,^ 

tettahydro[l,2,4]triazolo[l,5-a]pYrazin-8-yl](cyclopropy])methanol (second eluting 
diastereomer) essentially following the procedure outlined in Example 2, Step E to provide the 
title compound as a single diastereomer of unknown configuration. LCZMS 478 (M+l). The 
other isomers were deprotected in a similar manner. 

EXAMPLE 4 .' 
F •HCI a 

7 T(3/Q-3-Amino^-r2A54rit1u^ 

Itnfluoro^^ hy drochloride 
Ste P A: 

5,6:7,84etrah vd rofl.241triazoIort,5--fl1pvrazme 
A solution of 200 mg (0.55 mmol) of [1 -N-(terf Ayutoxyc^rboriylj-l' 
(tiifluoroinethyl)-5,6 J,8.tetrahydro[l ,2 

(prepared as outlined in Example 3, Step A) in 3.5 mL of dichloromethane was cooled to - -78 °C 
and 0.406 mL (3.31 mmol) of (diethyiamino)sulfur trifluoride (DAST) was added The reaction 
mixture was stirred at -78 °C for 1 h, then warmed to ambient temperature and stirred overnight. 
The reaction mixture was partitioned between saturated aqueous sodium bicarbonate solution 
and dichloromethane. The aqueous phase was extracted with three portions of dichloromethane. 
The combined organic phases were washed with brine, dried over magnesium sulfate, and 
concentrated. Purification by HPLC (Gilson, YMC C-18, 10 to 90% acetonitrile/water gradient) 
gave the title compound. 
LC/MS 289 (M+l-tBu-HF). 
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Step B: 84CvcloprODvl(fluoro)methvl1-2-ftrifluoroinethvn : 5,6,7:8- 
tetrahydrof 1 ,2.41triazolor 1 .5-alpvrazine, hydrochloride 
The BOC protecting group was removed from a 100 mg portion of l-N-(tert- 

butoxycarbonyl)-8-[cyclopropyl(fluoro)m^ 

tetrahydrotl^^ltriazolot^S-alpyrazine essentially following the procedure outlined in Example 
2, Step C to provide the title compound. LC/MS 265 (M+l). 

Step C: 7-r(3fly34(fe^Butoxvcarbonvl)ai^^ 

rcvclopropvlffluoro^methvll^-ftrifluoromethvlVS^J.S- 
tetrahvdron,2,41tria2oIorL5-glpvrazine 

A 90 mg portion of 8-[cyclopropyl(fluoro)methyl]-2"(trifluoromethyl)-5,6,7,8- * 
tetrahydro[l,2,4]triazolo[l,5-a]pyrazine hydrochloride was coupled to (3R)-3-\(tert- 
butoxycarbonyl)amino]-4-(2 ) 4,5-trifluofophenyl)butanoic acid essentially following the 
procedure outlined in Example 2, Step D with the exception that the reaction mixture was stirred 
for 3 days. Purification by HPLC (OD chiralcel column, 7% ethanol/hexane) gave 1.8 mg of the 
first eluting diastereomer, 22.7 mg of the second, 7.4 mg of the third, and 24.4 mg of the fourth 
eluting diastereomer. LC/MS 480 (M+l-BOC). 

Ste^D: 7~r(3i?V3^Amino-4-(2.4>5-trifluoroDhenvl)butanovl1-8- 
rcvclopropvKfluoro^methvn^-ftrifluoromethvlVS^J.S- 
tetrahvdrori^^ltriazolorLS-alpvrazine hydrochloride 

The BOC protecting group was removed from a 24 mg portion of 7-[(3i?)-3-[(tert- 
butoxycarbonyl)ammoM<2,4^ 

(trifluoromethyl)-5,6,7,8-tetraty (fourth eluting diastereomer 

from Step C) essentially following the procedure outlined in Example 2, Step E to provide the 
title compound as a single diastereomer of unknown configuration. LC/MS 480 (M+l). The 
other isomers were deprotected in a similar manner. 
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* SAMPLES : * 




7 - \ ( 3R j-3- Ami n o-4-(2 ,4, 5 -trifluorophen yDbutauo vil -2-c vclopropyl-5 ,6 J »8- .... 
tctrah vdror 1 ,2.41 triazolof 1 ,5-alpvrazine, hydrochloride 

Step A: A/-Pyrazin-2-ylcyclopropanecfoboxamide 

To a solution of 10 g (105 mmoi) of 2-aminopyrazine in 100 mL of pyridine was 
added dropwise a solution of 10.99 g (9.56 mL, 105 mmol) of cyclopropanecarbbnyl chloride in 
100 mL of dichloromethane. The resultant yellow solution was stirred at aiiibient temperature 
for 2 h. The reaction mixture was concentrated in vacuo. The residue was dissolved in ethyl 
acetate and a small amount of water and washed sequentially with 1 M aqueous cuprous sulfate 
solution and water. The water layer was extracted with three portions of ethyl acetate. The 
combined organic phases were washed with brine, dried over magnesium sulfate, and 
concentrated. Purification by flash chromatography (silica gel, eluting sequentially \vith 50%, 
80% and 100% ethyl acetate/hexane) gave the title compound. 
LC/MS 164 (M+l). ' " \" V"-" ..." " : *-:v. 

StepB: l-Ainino-2-r(cvcloprbpvlcarto 

2,4,6-trimethvlbenzenesulfonat e " 

To a solution of 1 .0 g (6. 13 irimol).of iV-pyrazinT2-ylcyclopropaiiecai*ox^de in 
10 mL of dichloromethane at 0 °C was added a solution of 1 .58 g (7.36 mmol) of O- 
mesitylenesulfonylhydroxylamine, prepared from mesitylenesulfonyl chloride using a procedure 
analogous to that described in the literature (Y. Tamura et al. . J. Org. Chem .; 38: 1239 (1973)). 
The reaction mixture was allowed to stir at ambient temperature for 1.5 h. The resultant thick 
yellow mixture was concentrated in vacuo to giv6 the title compound as a yeliow solid. 
LC/MS 179 (M). 

: Ste p C: , 2-CVclopropyirL2,41triazolo!"r;5^a1pyra2ine • 

l-Anuno-2-[(cyc^^ 1-ium 2,4,6- trimeLhylbsnzene- 

sulfonate (2.6 g) was cyclized using polyphosphoric acid, essentially following the procedure 
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outlined in Example 1, Step C, except that the mixture was heated at 130 °C. Purification by 
HPLC (Gilson, YMC C-18 column, 90 to 10% water/acetonitrile gradient) gave the title 
compound. 
LC/MS 161 (M+l). 

Step D : 2-CvcIopropvl"5,6J;8-tetrahvdrori.2,41triazolon.5-a1pvrazine hydrochloride 

A mixture of 158 mg (0.15 mmol) of 2-cyclopropyl[l,2,4]triazolotl,5-a]pyrazine 
and 100 mg of 10% palladium on carbon in ethanol (5 mL) was stirred under an atmosphere of 
hydrogen for 3 h. The mixture was filtered and the filtrate was concentrated to give the free base 
of the title compound as a yellowish solid. 
LC/MS 165 (M+l). 

In order to further purify this compound, 140 mg (0.854 mmol) was converted to 
its BOC derivative essentially following the procedure outlined in Example 2, Step A, except 
that no extractive work-up was performed. After evaporation of solvent, the residue was purified 
by flash chromatography (silica gel, eluting with a 10% to 60% ethyl acetate/hexane gradient) to 
give 62 mg of 7-AKterf-butoxycarbonyl)-2^yclopro^ 

a]pyrazine. LS/MS 209 (M+l-tBu). The BOC group was removed according to the procedure 
outlined in Example 2, Step C to give the title compound. LC/MS 165 (M+l). 

Step E : 7-rGjRV3-r(fer^Butoxvcarbonvttam^ 

cvclopropyl-5,6,7,8-tetrahvdrorL2,41triazolor43-a1pvrazine — 
A 54 mg portion of 2^yclopropyl-5,6,7,8-tetrahydrp[l,2,4]triazolo[l,5-a]pyrazine 

hydrochloride was coupled to (37?)-3-[(tert-butoxycarbonyl)amino]-4-(2,4,5- 

trifluorophenyl)butanoic acid essentially following the procedure outlined in Example 2, Step D. 

Purification by two sequential preparative TLC columns (silica gel, 10% 

methanol/dichloromethane) gave the title compound as a white solid. . 

LC/MS 380 (M+l-BOC). 

StepF : 7-r(3j?V3-Aminch4-(2,4,5-trifluorophenvl)butanovl1-2-cvclopropvl-5,6,7,8- 

* 

tetrahvdrorL2,41triazolorL5-fllpvrazine, hydrochloride 

The BOC protecting group was removed from a 42 mg portion of 7-[(3/?)-3-[(^^- 
butoxycarbonyl)amino]-4-(2,4,5-trifluorophenyl)butanoyl] r 2-cyclopropyl-5,6,7,8- 
-tetrahydro[l,2,4]triazolo[4,3-a] pyrazine essentially following the procedure outlined in Example 
2, Step E to provide the title compound as a white solid. LC/MS 380 (Mil). 
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EXAMPLE 7. - • .■ •• 




l-ilMJr3rAmino-4^24,5-Uifluoiophenvi: )but^^ 

hifluoromethv]-5 ; 6.7.8-tetra hvdrofl.2.41triazo]ori.5-a1pvrazine. hydrochloride " ' 

Step_A: 7-W-ftert-ButoxvcarbomM V8-r(benzvioxv^^ 

tetrahydrori ,2.41triazo1orL5-a]pvr feine . . 

The title compound, was prepared from 2.06 g (7.06 mmol) of l^N-{tert r 

butoxycarbonyl)-2-(triflucromethyl)-5;^^^^ 

2, Step A) and benzyl chloromethyl ether essentially following the procedure outlined in , 
Example 2, Step B. Purification by flash chr6niatogr&phy (silica gel, 5 to 10% ethyl ' 
acetate/hexane gradient) gave the title compound as a white .foam. LC/MS 357 (Ni+l- tBu). ' - 

. s imli" 7-iy-(r^-Batoxvcari^vlVk^ 

tetrahydrori ^ItriazoloP .5-alpvrazine - 

TO a solution of 733.njg (1 .8 wptqty trf Tri'H^^otox^bonylH- • ' 
l(benzyloxy)methyl]-2-^ 

mL of ethanoi was added 400 rag off 10% palladium On carbon. The mixture 5 was .s'tined under an 
atmosphere of hydrogen for 29 h. TLC analysis .indicated that starting material was^ present, 
fhus 400 mg of 10% palladium on d^n>W^ded".and^ mixture shaken dn'a Parr apparatus 
:jnder42psihydi-ogenfor 12h. The r^acnoji mixture ;was filtered through Celite and 
concentrated. Hash chromatography. (silica gel, 7% to '50% ethyl acetateThexafie gradient) gave 
fye. title compound as a white solid. LC/MS 267 (M+l-tBu) : 

Step_C, 7-iv'-am-ButoxvcarbonvlV8-rmethanesulfonvlox\TOemvn-2-(trit1uorom 
5.6.7,8-tetrahvdron.2.41triazolorL5 alpvrazine 

To a 0~*C solution of 100 mg (0.31 mmol) of 7-AKfert-butoxycarbonyl)-8- 

i h jdrox jraetlr^ -ojpyri&ne in 3f.O mL- 

rfdichlcivmethane was added sequentfejiy.0.0/*7v laCi&Mi -^ol>;^^i^^i^^^6.'0^. ' 
ml. (0,372 mmol) of methanesulfonyt, chloride. The reaction. mixture >vas*stirred .at 0 °C and " . 
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allowed to warm to room temperature for 4 h. Aqueous sodium bicarbonate solution was added, 
and the resultant mixture was extracted with three portions of dichloromethane. The combined 
organics were washed with brine, dried over magnesium sulfate, and concentrated to give a 
yellow oil which was used without further purification. LC/MS 401 (M+l). 

Ste^D: 7-AT-(fert-Bu toxvcarbonvIV8^^ 

5,6J.84etrahvdrorU2.41triazolorL5-fl1pvrazine 

To a solution of 47 mg (0.683- mmol) of [ 1 ,2,4]triazole in L0 mL of DMF was 
added 189 mg (1.365 mmol) of potassium carbonate. The mixture was heated at 50 °C for 15 
min. To this was added 182 mg (0:455 mmol) of 7^ 
(methanesulfonyloxym^ 

a}pyrazine. The mixture was stirred at 50 °C for 14 h. DMF was removed in vacuo and the 
residue was partitioned between ethyl acetate and water. The aqueous phase was extracted with 
three portions of ethyl acetate. The combined organics were dried over magnesium sulfate and 
concentrated to give 107 mg of an orange oil. The mixture was eluted on a preparative TLC 
plate (silica gel, 50% ethyl acetate/hexane). The plate was scraped and the product eluted from 
the silica gel with 80: 15: 1 chloroform/methanoi/ammonium hydroxide to give the title 
compound. ~ 
LC/MS 318 (M+l-tBu). 

SlS£E: 74(3j?y3-Amino^-f2A5 4rifli^^^ 
2-ttifluoromethvl-5.6J.8^ 

Essentially following the procedures outlined in Example 2, Steps C, D and E, the 
title compound as a mixture of diastereomers was prepared from 69.2 mg of l-N-(tert- 
butoxycarbonyl)-8-([l,2,4]tria^ 

tetrahydro[l,2,4]triazolo[l,5-a]pyrazine. LC/MS 489 (M+l). ' 
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EXAMPLE 8 " ■ 
F O 




7_4(3/Th3-Amino^2.4.5 -tririu^ , 
5,6J t 8-tetr ahvdrorL2.41triazolori,5-fl1pvrazine, trifliioroacetic acid salt . ■ - 

fo e P A: 7^tertJ3u^ ) ..2- ' 

(trifluoromethvlV5.6.7.'^tetrahvdrorL2,41triaz ' 
To a solution of 1.40 g (4.79 mmol) bf7-//-(tert-butoxycaibonyl) 7 2^ " 
(trifluorome%l)-5 1 6,7,8-tetrahyfr^^^ (Example 2, Step A) in 20 mL 

of toluene at -78 °C was added : tetram^^ (0760 mL, 5 .03 mmol) 

followed by h-butyllithium (2.01 mL of a 2.5M solution in hexanes, 5.03 mriidl). • The mixture 
was stirred at 78 °C for 10 min and then benzyl^2-bromoacetate (0790 mL, 5X3 mmol) was 
added dropwise. The mixture was allowed to stir at>7.8 °C for 10, min ■ and then it was warmed 
to ambient temperature. The reaction was queftched with.aqu^ 

and the aqueous layer was extracted three times ^with ethyl acetate. The combined organic layers 
were washed with brine, dried overmagnesium sulfate, and concentrated. Pi^ification by flash' 
chromatography (silica gel, 2 to 15% ethyl acetate/hexane gradient), tod"fuY&er reverse- phase 
.purification (Gilson, YMC CM 8, 10io9(^ 

compound LC7MS 441 (M+l). ' * >,? '- f ? . \; " % 

Step B: -8-f 2-Oxo-2>r(phenvl methvnoxViethvl V ^ 2-ftrifluoromethvlV5:fe7.8- . 

tetrahv^ol l^^ltriazblorLS-alpyrazirie! trifluoroacetfc acid salt '* *. % 
To a solution of 7-A^-(fe/t-butoxycarbon'yl)-8-{2-oxo-2- f< 

[(phenylme%l)oxy]ethy!}-2-(trifluorom^ 

(0.240 g, 0.545 mmol) in 2.0 mL of dichloromethane was added 2.0 mL trifliioroacetic acid. The 
reaction was stirred at ambient temperature for 18 h. Concentration in vacuo gave the title 
compound LC/MS 341 (M+l). - . , 
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Step C: 7-r(3jRV3-rftg^Butoxvca^^ 8-12- 
oxo-2-r(phenvlmethvnoxy1ethvl}2^trifluoromethvlV5, : 6.7,8- 
tetrahvdrori,2,41triazolor43-fl1p;vrazine 

A 282 mg portion of 8-{2-oxo-2-[(pheny]methyl)oxy]ethyl}.-2T(trifluoromethyl)- 
5,6 J^-tetrahydrotl^^Jtriazolotl^-aJpyrazdne, trifluoroacetic acid salt w^s coupled to (37?)-3- 
[(terf-butoxycaib^^ acid essentially following the 

procedure outlined in Example 2, Step D with stirring for 72 h. Purification by preparative TLC 
(silica gel, 10% methanol/dichlorometh'ane) followed by.HFLC (OD chiralcel column, 15% 
isopropanol/heptane) separated the first and last eluting diSstereomers. LC/MS 656 (M+l). 

> ... 

Step D: : , 74(3i?V3-Amino-4-f 24.54rifluorophenvl)butanbvlV"8^ 2^oxo-2- 
r(phenvlinethvnoxv1ethvl}2--ftrifluoromethvlV5,6,7,8- 
tetTahvdrori,2.41triazolor43~a1pYrazine, trifluoroacetic acid salt ' 
To .a solution of 19.7 mg (0.030 mmol) of the slower eluting diastereomer of 7- 

[(3/?)-3-[(^7t-butoxycarbonyl)amino]^(2,4,5-triflu6ropheny^ 

[(phenylmethyl)oxy]e^ 

from Step C in 1 mL of dichloromethane was added 1 ml of trifluoroacetic acid. After 3 h, the 
reaction was concentrated in Vacuo to give the title compound as clear viscous material. LC/MS 
556 (M+l). ' ■■ ■ . \ •■■ . ; * V 

In a separate experiment, to a solution of 17.4 mg of the faster eluting 
diastereomer in 1 mL of dichloromethane was added 1 inL'bf trifluoroacetic acid. The reaction 
was stirred at ambient temperature for 3h. Concentration gave the product as clear viscous 
material. LC/MS 556 (M+l). 

StepE: 74GgV3-A mino-4-(i4.5-trffl^^ 

trifluoromelh vl-5A7.8-ta^ trifluoroacetic 
acid salt 

The deprotected faster eluting diastereomer of 7-[(3/?)-3-Amino-4-(2,4,5- 
trifluorophenyl)butanoyl]-8-{2-oxo-2-[(phenylmethyl)oxy]ethyl}-2-(trifluorometh 
tetrahydro[l,2,4]triazolo[43--a]pyra^ine (8.0 mg, 0.014 irirnoi, from Step D) was hydrogehated 
under 42 psi hydrogen with 10% palladium on carbon (5.0 mg) as a catalyst in methanol (1.5 
mL) at ambient temperature for 18 h. Filtration through Cdite followed by concentration gave 
the title compound as a clear viscous oil: LC/MS 466 (M+l). : . *\ ' . 
^ In a septate experiment, the deprotec^ 

0.0090 mmol, from Stop t>) was hydrbgeriafecf under 42 psl hydrogen with 10% palladium on 
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carbon (2.0 mg) as a catalyst in methanol (1.5 mL) at ambient temperature for 18 h. Filtration 
through Celite followed by concentration gave the title compound as .a clear viscous oil. LC/MS 
466 (M+l). 

EXAMPLE 9 



NMe, 




74(3j?)-3-Amino^-(2,4,5-trifluorophenvl ) butanovll-R-rrrdimethvlan 1 inokarbonvllm 
trifluoro meftvl-5,6J,8-tetrahvdro^ 

Step A: 2-Bromo-M^-dimethvlacetamide . ' ' 

To a solution of bromoacetyl bromide (13.01 g, 64.46 mmol) in (Hchloromethane 
(100 mL) was added triethylamine (18.9-mL, 135-.4mmoI) dropwise at -78°C. The reaction /" •, 
mixture was stirred at-78°C for 10 min and at ambient temperature for 1 h, then washed with 
saturated aqueous sodium bicarbonate solution followed by 2N hydrochloric, acid. The .organic 
phase was washed with brine and dried over anhydrous magnesium sulfate. Concentration 
followed by flash chromatography (50% ethyl acetate/hexanes, then 100 % ethyl acetate) 
afforded the title compound as an oil. LC/MS 165^8 (M+l), 167.8 (M+3). 

' ' . ' "•'■'*" 

S^ 8 --' 7 -' v -fert-ButoxvcarbonvIV8-r2^ 

S.ej.S-tetra hvdrori^^ltriazolori.S-qlp ^ 7 '"^ 

Toasoluuonof2.13.g(730mmol)of7-^tert-butoxycarbonyl)-2- ;., 
(trifluoromethyl)-5,6,7,8-tetrahy^ (Example 2, Step A) in lOraL 

of tetrahydrofuran at -78 °C was added lithium diisopropylamide (4.02 mL of a 2.0M solution in 
heptane/tetrahydrofuran/ethylbenzene, 8.03 mmol). The mixture was allowed to stir at -78 °C • 
for 15 min, and then 2-bromo-iy,iV-dimethylacetamide from Step A in 5 mL of tetrahydrofuran, 
was added, and the mixture slowly warmed to ambient temperature over 18 h. The reaction was 
quenched with aqueous ammonium chloride and the aqueous layer was extracted three times 
with ethyl acetate. The combined organic layers were washed^with brine, dried over magnesium 
sulfate, and concentrated. Purification by flash chromatography (sihca gel, gradient of 50% to 
75% ethyl acetate/hexane) yielded the title compound. LC/MS 322 ((M+l)-t-butyl). 
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Ste P C : 8-r2-(dimet hvlarnino'>-2-oxoetfavn-2-(trifluoromethv]V5 1 6 1 7 1 R- 

tetrahvdrori ,2.41triazolori.5-a1pvrazine, hvdrochlnririf-. 

7-/Htert-butoxycarbonyl)-8-[2-(<^ 
S.ej^-tetrahydrofl^^triazoloEl.S-ajpyrazine (630 mg, 1.67 mmol) was dissolved in 5 mL of 
methanol saturated with hydrogen chloride. The reaction was stirred at ambient temperature for 
1 h. Concentration in vacuo gave the title compound as an off-white solid. LC/MS 278 (M+l). 

Ste P D : 7-r(3j?V3-r(te^Butoxvcar honvnannno1^ 

( , dimemvlaminoV2-oxoethvl1-2-(trifluoromethvlV5 1 fi 1 7 l R- 
tetrahvdron.2.41triazolor4.3-alDvrazine 

A 200 mg portion of 8-[2-(dimemylamino)-2-oxoethyl]-2-(triiluoromethyl)- 
5 J 6 i 7,8-tetrahydro[l ) 2 J 4]triazolo[l,5-a]pyrazine, hydrochloride was coupled to (3R)-3-[(tert- 
butoxycarbonyl)amino]-4-(2,4,5-trifluorophenyl)butanoic acid essentially following the 
procedure outlined in Example 2, Step D. Purification by preparative TLC (silica gel, 10% 
methanol/dichloromethane) followed by HPLC (AD chiral pak column, 15% 
isopropanol/heptane) separated the first and last eluting diastereomeis. LC/MS 593 (M+l). 

Ste P E: 74(3i?)-3-Aimno-4-f2.4.5- trifluorophenvl)butanovn-8-r2-rdimethv1a 
oxoethyll-2-(trifluoromethv 1V5.6.7.8-te^ 
hydrochloride 

To 57.7 mg (0.097 mmol) of the slower eluting diastereomer of l-[(3R)-3-[(tert- 
butoxycaibonyI)aniino]^(2,4,5-trifluorophenyl)b 

(trifluoromemyl)-5,6,7,8-tetrahy(3ro[l,2,4]triazolo[4;3 from Step D was added 1 mL 

of methanol saturated with hydrochloric acid. After 1 h, the reaction was concentrated in vacuo 
to give the title compound as a white solid. LC/MS 493 (M+l), 

In a separate experiment, to 83 mg of the faster eluting diastereomer was added 1 
mL of methanol saturated with hydrochloric acid. The reaction was stirred at ambient 
temperature for 1 h. Concentration gave the product as a white solid. LC/MS 493 (M+l). 
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Ste P G : 74(3j?)-3-rto^-ButQxvc arbQnvl^aminQl-4^2.4r5-trifluoroDhenvl^ 
(cUfluoromethvlV5.8-dime thvir5^ 

A 200-mg portion of 2-(difluoromethy])-5,8-dimethyl[5,6,7,8]- 
tetrahydro[l,2,4]triazolo[l,5-a]pyrazine was coupled to (3i?)-3-[(^7t-butoxycarbonyl)amino]-4- 
(2,4,5-ttifluorophenyl)butanoic acid essentially following the procedure outlined in Example 2, 
Step D with heating at 60 °C. Purification by preparative TLC (silica gel, 10% 
methanol/dichloromethane) followed by HPLC (OD chiral pak column, 12% 
isopropanol/heptane) separated the first and last eluting diastereomer?. LC/MS 418 (M+l-Boc). 

Ste P H: 7 -r(3flV3-Amino-4-(2A 5-rri^ 

dimethvir5,6,7.81-tetra hvdror L2.41triazo1or43-a1pyrazine. hydrochloride 

To 81.0 mg (0.157 mmol) of the slower eluting diastereomer of 7-[(3R)-3-[(tert- 

Butoxycarbonyl)annno]^-(2,4 s 5-trifluorophenyI)butanoyl]-2-(difl 

dimethyl[5,6,7,8]-tetrahydro[l,2,4]triazolo[4,3-a]pyrazine from Step G was added 2 mL of 
methanol saturated with hydrochloric acid. After 1 h, the reaction was concentrated in vacuo to 
give the title compound as a white solid. LC/MS 418 (M+l). 

In a separate experiment, to 54.1 mg of the faster eluting diastereomer was added 
2 mL of methanol saturated with hydrochloric acid. The reaction was stirred at ambient 
temperature for lh. Concentration gave the product as a white solid. LC/MS 418 (M+l). 

Essentially following the procedures outlined for Examples 1-10, the compounds 
listed in Table 2 were prepared. 

TABLE 2 ■ 




Example 


R3 


R8 


Ri 


MS 
(M+l) 




11 


2-F.5-F 


H 


CF 3 


390 


12 


2-F,4-F,5-F 


CH 2 (4-CF 3 -Ph) 


CF 3 


566 
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i B 


2-F,4-F,5-F 


CH 2 (4-F-Ph) 


CF 3 


516 




j-.r.'Kr 




CF 3 


AC\0 

498 


15 


3-F,4-F 


CHOH(cPr) 


CF 3 


460 


16 


2-F.4-F.5-F 


H 


CF 3 


340 


17 


2-F.4-F.5-F 


CH 2 OCH 2 Ph 


CF 3 


528 


18 


3-F.4-F 


CH 2 (r,2,4- 
triazol-l-yl) 


CF 3 


471 


19 


2-F,4-F,5-F 


CH2(imidazol- 


CF 3 


488 


on 


z-r 1 j-jf 


ojn^pyrazoi- 1 - 

to 


L.t 3 


488 


21 


2-F,5-F 


. ' Me 


CF 3 


404 


22 


2-F,4-F,5-F 


CH 2 C0 2 CH2Ph 


CF 3 


556 


23 


2-F,4-F,5-F 


H 


CHF 2 


390 


24 


2-F,4-F,5-F 


Me 


CHF 2 


404 


25 


2-F,4-F,5-F 


CH 2 OMe 


CF 3 


452 



EXAMPLE OF A PHARMACEUTICAL FORMULATION 
As a specific embodiment of an oral pharmaceutical composition, a 100 mg 
potency tablet is composed of 100 mg of any of the compounds of the present invention, 268 mg 
microcrystalline cellulose, 20 mg of croscarmellose sodium, and. 4 mg of magnesium stearate. 
The active, microcrystalline cellulose, and croscarmellose are blended first. The mixture is then 
lubricated by magnesium stearate and pressed into tablets. 
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While the invention has been described and illustrated with reference to certain 
particular embodiments thereof, those skilled in the art will appreciate that various adaptations, 
changes, modifications, substitutions, deletions, or additions of procedures and protocols may be 
made without departing from the spirit and scope of the invention. For example, effective 
dosages other than the particular dosages as set forth herein above may be applicable as a 
consequence of variations in responsiveness of the mammal being treated for any of the 
indications with the compounds of the invention indicated above. The specific pharmacological 
responses observed may vary according to and depending upon the particular active compounds 
selected or whether there are present pharmaceutical carriers, as well as the type of formulation 
and mode of administration employed, and such expected variations or differences in the results 
are contemplated in accordance with the objects and practices of the present invention. It is 
intended, therefore, that the invention be defined by the scope of the claims which follow and 
that such claims be interpreted as broadly as is reasonable. 
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WHAT IS CLAIMED IS: 



1. 



A compound of the formula I: 



Ar- 




or a pharmaceutically acceptable salt thereof; wherein 

each n is independently 0, 1, or 2; 

XisNorCR2; 

Ar is phenyl substituted with one to five R3 substituents; 

Rl and R2 are each independently selected from the group consisting of 
hydrogen, 
halogen, 
cyano, 

Cl-10 alkyl, wherein alkyl is unsubstituted or substituted with one to five 
halogens, 

Ci-io alkoxy, wherein alkoxy is unsubstituted or substituted with o n e t o fi v e s ub stituents 

independently selected from halogen or hydroxy, 
Ci-io alkylthio, wherein alkylthio is unsubstituted or substituted with one to five 

substituents independently selected from halogen or hydroxy, 
C2-10 alkenyl, wherein alkenyl is unsubstituted or substituted with one to five 

substituents independently selected from halogen or hydroxy, 
(CH 2 )nCOOH, 
(CH 2 )nCOOCi^ alkyl, 

(CH2)nCONR 4 R5, wherein R 4 and R5 are independently selected from the group 
consisting of hydrogen, tetrazolyl, thiazolyl, (CH2)n~phenyl, (CH2) n -C3-6 
cycloalkyl, and Ci-6 alkyl, wherein alkyl is unsubstituted or substituted with one 
to five halogens and wherein phenyl and cycloalkyl are unsubstituted or 
substituted with one to five substituents independently selected from halogen, 
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hydroxy, Ci-g alky], and Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted 
or substituted with one to five halogens; 

or R 4 and R5 together with the nitrogen atom to which they are attached form a 
heterocyclic ring selected from azetidine, pyrrolidine, piperidine, piperazine, and 
morpholine wherein said heterocyclic ring is unsubstituted or substituted with one 
to five substituents independently selected from halogen, hydroxy, Ci-6 alkyl, and 
Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one 

to five halogens; 
(CH 2 )n-NR4 R 5, 

(CH2) n -OCONR4R5, 

(CH2)n-S02NR4R5 

(CH 2 )n-S02R6 

(CH2) n -NR7S02R6, 

(CH2) n -NR7CONR4 R 5, 

(CH2) n -NR7C0R7, 

(CH 2 ) n -NR7C02R6 
(CH 2 )n-COR6, 

(CH2)n-aryl, wherein aryl is unsubstituted or substituted with one to five substituents 

independently selected from halogen, CN, hydroxy, NR7S02R6, SC^R 6 , CO2H, 
Ci-6 alkyloxycarbonyl, Ci-6 alkyl and Ci-6 alkoxy, wherein alkyl and alkoxy are 
unsubstituted or substituted with one to five substituents independently selected 
from halogen, C0 2 H, and Ci-6 alkyloxycarbonyl, 

(CH2)n-heteroaryl, wherein heteroaryl is unsubstituted or substituted with one to three 
substituents independently selected from hydroxy, halogen, Ci-6 alkyl, and Ci-6 
alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one to five 
halogens, 

(CH2)n-heterocyclyl, wherein heterocyclyl is unsubstituted or substituted with one to 

three substituents independently selected from oxo, hydroxy, halogen, Ci-6 alkyl, 
and Ci_6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with 
one to five halogens, 

(CH2)n-C3_6 cycloalkyl, wherein cycloalkyl is unsubstituted or substituted with one to 
three substituents independently selected from halogen, hydroxy, Ci-6 alkyl, and 
Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one 
to five halogens; and 
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wherein any methylene (CH2) carbon atom in Rl or R2 is unsubstituted or substituted 
with one to two groups independently selected from halogen, hydroxy, and Ci-4 alkyl 
unsubstituted or substituted with one to five halogens; 

each R3 is independently selected from the group consisting of 
hydrogen, 
halogen, 
cyano, 
hydroxy, 

Cl-6 ^kyl, unsubstituted or substituted with one to five halogens, and 
Ci^6 alkoxy, unsubstituted or substituted with one to five halogens; 

R6 is independently selected from the group consisting of tetrazolyl, thiazolyl, (CH2) n -phenyl, 
(CH2) n -C3_6 cycloalkyl, and Cl-6 alkyl, wherein alkyl is unsubstituted or substituted with one 
to five halogens and wherein phenyl and cycloalkyl are unsubstituted or substituted with one to 
five substituents independently selected from halogen, hydroxy, Ci_6 alkyl, and Cl-6 alkoxy, 
wherein alkyl and alkoxy are unsubstituted or substituted with one to five halogens, and wherein 
any methylene (CH2) carbon atom in R6 is unsubstituted or substituted with one to two groups 
independently selected from halogen, hydroxy, Ci-4 alkyl, and Ci-4 alkoxy, wherein alkyl and 
alkoxy are unsubstituted or substituted with one to five halogens; 

each R? is hydrogen or R6; 

R8, R9 9 RlO, Rl 1, Rl2, and Rl3 are each independently selected from the group consisting of: 
hydrogen, 
cyano, 

(CH2)nCOOH, 

(CH2)nCOOCi.6 alkyl, wherein alkyl is unsubstituted or substituted with one to three 

substituents independently selected from halogen and phenyl, 
Ci-io alkyl, unsubstituted or substituted with one to five substituents independently 
selected from halogen, hydroxy, Cl-6 alkoxy, carboxy, 

Ci-6 alkyloxycarbonyl, and phenyl-Ci-3 alkoxy, wherein alkoxy is unsubstituted 
or substituted with one to five halogens, 
(CH2)n-aryI, wherein aryl is unsubstituted or substituted with one to five substituents 
independently selected from halogen, hydroxy, Cl-6 alkyl, and Ci_6 alkoxy, 
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wherein alkyl and alkoxy are unsubstituted or substituted with one to five 
halogens, 

(CH2)n-heteroaryl, wherein heteroaryl is unsubstituted or substituted with one to three 
substituents independently selected from hydroxy, halogen, Ci-6 alkyl, and Q-6 
alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one to five 
halogens, 

( c H2)n-heterocyclyl, wherein heterocyclyl is unsubstituted or substituted with one to 

three substituents independently selected from oxo, hydroxy, halogen, Ci_6 alkyl, 
and Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with 
one to five halogens, 

(CH2)n-C3_6 cycloalkyl, wherein cycloalkyl is unsubstituted or substituted with one to 
three substituents independently selected from halogen, hydroxy, Ci_6 alkyl, and 
Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one 
to five halogens, 

(CH2)nCONR4R5, wherein R* and R5 are independently selected from the group 
consisting of hydrogen, tetrazolyl, thiazolyl, (CH2) n -phenyl, (CH2) n -C3-6 
cycloalkyl, and Ci_6 alkyl, wherein alkyl is unsubstituted or substituted with one 
to five halogens and wherein phenyl and cycloalkyl are unsubstituted or 
substituted with one to five substituents independently selected from halogen, 
hydroxy, Ci-<> alkyl, and Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted 
or substituted with one to five halogens; 

or wherein R 4 and R5 together with the nitrogen atom to which they are attached 
form a heterocyclic ring selected from azetidine, pyrrolidine, piperidine, 
piperazine and morpholine wherein said heterocyclic ring is unsubstituted or 
substituted with one to five substituents independently selected from halogen, 
hydroxy, Ci-6 alkyl, and Ci-6.alkoxy, wherein alkyl and alkoxy are unsubstituted 
or substituted with one to five halogens; and 
wherein any methylene (CH2) carbon atom in R8, r9 rIO, r11 ? r12, G r Rl3 is unsubstituted or 
substituted with one to two groups independently selected from halogen, hydroxy, and C1-4 alkyl 
unsubstituted or substituted with one to five halogens. 

2. The compound of Claim 1 of the formula la: 
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NH 2 O R 8 



d12 /^ R 13 

(la) R 10 R 

wherein the carbon atom marked with an * has the R configuration and Ar, X, R.1, R 8 , R.9, rIO^ 
R 1 1, R 12 , and R 13 are as defined in Claim 1. 

3. The compound of Claim 1 of the formula lb: 

NH 2 O R 8 _n 
Ar 1 11 '' R 



R'V^ 

R12 7^r13 

(lb) R R 10 R 



wherein Ar, R 1 , R 8 , R9 rIO, r1 1, r12 md R 13 ^ ^ defined in Claim 1. 

4. The compound of Claim 3 of the formula Ic: 
NH 2 O R 8 u 



(,c) R, ">" 



wherein the carbon atom marked with an * has the R configuration and Ar, R* , R 8 , R^, r10, 
R 1 1, R 12 , and R 13 are as defined in Claim 1. 

5. The compound of Claim 3 of the formula Id: 
NH 2 O R 8 



■N 

(Id) 
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hydrogen, 

Ci-6 alkyl, unsubstituted or substituted with one to five fluorines, 

phenyl, unsubstituted or substituted with one to three substituents independently selected 
from fluoro, chloro, trifluoromethyl, methoxy, and OCF3, and 

C3-6 cycloalkyl, unsubstituted or substituted with one to five substituents independently 
selected from halogen, hydroxy, Ci_6 alkyl, and 

Ci_6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one 
to five halogens. 

16. The compound of Claim 15 wherein R 2 is selected from the group 
consisting of hydrogen, trifluoromethyl, phenyl, and cyclopropyl. 

17. The compound of Claim 16 wherein R2 is hydrogen or trifluoromethyl. 

18. The compound of Claim 1 wherein Rl 1, Rl2 and Rl3 are each hydrogen 
and R8, R9 and RlO are each independently selected from the group consisting of: 

hydrogen, 

Cl-6 alkyl, unsubstituted or substituted with one to five substituents independently 

selected from halogen, hydroxy, Ci_6 alkoxy, and phenyl-Ci-3 alkoxy, wherein 

alkoxy is unsubstituted or substituted with one to five halogens 
(CH 2 )nCOOH, 

(CH2)nCOOCi_6- alkyl, wherein alkyl is unsubstituted or substituted with one to three 
substituents independently selected from halogen and phenyl, 

(CH2) n CONR4R5 wherein R4 and R5 are independentiy selected from the group 
consisting of hydrogen, tetrazolyl, thiazolyl, (CH2) n -phenyl, (CH2) n -C3-6 
cycloalkyl, and Ci_6 alkyl, wherein alkyl is unsubstituted or substituted with one 
to five halogens and wherein phenyl and cycloalkyl are unsubstituted or 
substituted with one to five substituents independendy selected from halogen, 
hydroxy, Ci_6 alkyl, and Ci_6 alkoxy, wherein alkyl and alkoxy are unsubstituted 
or substituted with one to five halogens; 

or wherein R4 and R5 together with the nitrogen atom to which they are attached 
form a heterocyclic ring selected from azetidine, pyrrolidine, piperidine, 

piperazine and morpholine Wherein said heterocyclic ring is unsubstituted or 
substituted with one to five substituents independently selected from halogen, 
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hydroxy, Ci-6 alkyl, and Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted 
or substituted with one to five halogens, 
(CH2)n-phenyl, wherein phenyl is unsubstituted or substituted with one to five 

substituents independently selected from halogen, hydroxy, Ci-6 alkyl, and Ci-6 
alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one to five 
halogens, 

(CH2) n -heteroaryl, wherein heteroaryl is unsubstituted or substituted with one to three 
substituents independently selected from hydroxy, halogen, Ci-6 alkyl, and Ci-6 
alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one to five 
halogens, 

(CH2)n-heterocyclyl, wherein heterocyclyl is unsubstituted or substituted with one to 

three substituents independently selected from oxo, hydroxy, halogen, Ci_6 alkyl, 
and Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with 
one to five halogens, 

(CH2) n -C3-6 cycloalkyl, wherein cycloalkyl is unsubstituted or substituted with one to 
three substituents independently selected from halogen, hydroxy, Ci-6 alkyl, and 
Ci-6 alkoxy, wherein alkyl and alkoxy are optionally substituted with one to five 
halogens; and 

wherein any methylene (CH2) carbon atom in R8 R9 0 r RlO i s unsubstituted or 

substituted with one to two groups independently selected from halogen, hydroxy, and 
C1-4 alkyl unsubstituted or substituted with one to five halogens. 

19. The compound of Claim 1 8 wherein R8, R9, and RlO are each 
independently selected from the group consisting of: 
hydrogen, 

C1-3 alkyl, unsubstituted or substituted with one to three substituents independently 

selected from halogen, hydroxy, Ci-6 alkoxy, and phenyl-Ci-3 alkoxy, wherein 

alkoxy is unsubstituted or substituted with one to five halogens, 
(CH 2 ) n COOH, 

(CH2)nCOOCi_g alkyl, wherein alkyl is unsubstituted or phenyl, 
(CH2) n CONR4R5 } wherein R 4 and R5 are independently selected from the group 

consisting of hydrogen and Ci_6 alkyl, wherein alkyl is unsubstituted or 

substituted with one to five halogens; 

or wherein R 4 and R5 together with the nitrogen atom to which they are attached 
form a heterocyclic ring selected from azetidine, pyrrolidine, piperidine, 
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piperazine and morpholine wherein said heterocyclic ring is unsubstituted or 
substituted with one to five substituents independently selected from halogen, 
hydroxy, Ci-6 alkyl, and Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted 
or substituted with one to five halogens, 
(CH2) n -phenyl, wherein phenyl is unsubstituted or substituted with one to five 

substituents independently selected from halogen, hydroxy, Ci-6 alkyl, and Ci-6 
alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one to five 
halogens, 

(CH2) n -heteroaryl, wherein heteroaryl is unsubstituted or substituted with one to three 
substituents independently selected from hydroxy, halogen, Ci_6 alkyl, and Ci-6 
alkoxy, wherein alkyl and alkoxy are optionally substituted with one to five 
halogens, 

(CH2)n-heterocyclyl, wherein heterocyclyl is unsubstituted or substituted with one to 

three substituents independently selected from oxo, hydroxy, halogen, Ci_6 alkyl, 
and Ci-6 alkoxy, wherein alkyl and alkoxy are optionally substituted with one to 
five halogens, 

(CH2)n-C3-6 cyclopropyl; and 

wherein any methylene (CH2) carbon atom in R8, r9 or RlO is unsubstituted or 
substituted with one to two groups independently selected from halogen, hydroxy, and 
C1-4 alkyl unsubstituted or substituted with one to five halogens. 

20. The compound of Claim 19 wherein R8 r9, and RlO are each 
independently selected from the group consisting of: 
hydrogen, 
CH 3 , 
CH2CH3, 
CH2-cyclopropyl, 

CHF-cyclopropyl, 

CH(OH)-cyclopropyI, 

CH2OCH2PI1, 

CH 2 (4-F-Ph), 

CH2(4-CF3-Ph), 

CH2-[l,2,4]triazol-4-yl, 

CH2<imidazol4-yl), 

CH2-(pyrazol-l-yl), 
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CH2-COOCH2Ph, 
CH2-COOH, 
CH2-CONMe2, and 
CH2OCH3. 



21. The compound of Claim 20 wherein R9 and RlO are each independently 
hydrogen or methyl. 

22. The compound of Claim 4 which is selected from the group consisting of: 
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(j) a cholesterol lowering agent such as (i) HMG-CoA reductase inhibitor, (ii) 
sequestrant, (iii) nicotinyl alcohol, nicotinic acid or a salt thereof, (iv) PPARa agonist, (v) 
PPARoc/y dual agonist, (vi) inhibitor of cholesterol absorption, (vii) acyl CoArcholesterol 
acyltransferase inhibitor, and (viii) anti-oxidant; 

(k)aPPAR5 agonist; 

(1) an antiobesity compound; 

(m) an ileal bile acid transporter inhibitor; and 

(n) an anti-inflammatory agent 

33. The pharmaceutical composition of Claim 32 wherein the PPARa/y dual 
agonist is KRP-297. 

34. A method of controlling or treating diabetes in a mammal in need thereof 
comprising administering to the mammal a therapeutically effective amount of a compound of 
Claim 1 in combination with the PPARa/y dual agonist KRP-297. 
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